


Vol. 16 No. 4 


PLANT PHYSIOLOGY 


OCTOBER, 1941 


INFLUENCE OF NITROGEN SUPPLY ON THE RATE OF MULTI- 
PLICATION OF TOBACCO-MOSAIC VIRUS 


ERNEST L. SPENCER 


(WITH THREE FIGURES ) 


Introduction 


In a former paper the writer (10) reported experiments which showed 
that the virus activity of juice expressed from tobacco plants diseased with 
tobacco mosaic was correlated with the amount of nitrogen supplied to the 
plants. No conclusions could be drawn from these experiments as to 
whether this increased activity was due to an increase in the rate of virus 
multiplication or to some other factor, such as greater accumulation of 
virus particles over a longer period of time, less destruction of virus, or 
greater dispersion of aggregates of virus particles. Further studies have 
now been completed which suggest that the variation in virus activity re- 
sulting from a change in nitrogen supply may be brought about by a change 
in the rate of virus multiplication. Results obtained from several repeti- 
tions of the experiments to be described below agree closely with those 
reported in this paper. 

Materials and methods 


Seedlings of Turkish tobacco (Nicotiana tabacum L.), used as experi- 
mental host plants, were grown in flats of sand and transplanted at the 
3-leaf stage into 4-inch porous clay pots filled with washed white quartz 
sand. The pots were placed in porous saucers uniformly spaced on a raised 
bench in a greenhouse, the temperature of which varied between 70° and 
80° F. Each seedling received 100 ml. of nutrient solution every other day 
and was supplied with water whenever necessary between nutrient applica- 
tions. Low, medium, and high levels of nitrogen were maintained by the 
use of nutrient solutions, the composition of which has been described pre- 
viously (10). As in the earlier work, the solutions were all supplemented 
with boron and manganese, as H,BO, and MnSO,-: 2H.0, respectively, at 
a concentration equivalent to 0.5 p.p.m. of each. Plants that received the 
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high-nitrogen solution (2000 p.p.m. of nitrogen) were retarded in growth, 
but showed no other external signs of injury. Those that received the 
medium-nitrogen solution (200 p.p.m. of nitrogen) were comparable in 
growth with those grown in a rich composted soil. Those that received the 
low-nitrogen solution (10 p.p.m. of nitrogen) made little or no growth. The 
plants will be designated for convenience as high-nitrogen, medium-nitro- 
gen, and low-nitrogen plants. 

The seedlings were inoculated usually 3 or 4 days after transplanting. 
One leaf of each plant was rubbed several times with a cheesecloth pad 
moistened with freshly expressed juice from a tobacco plant diseased with 
ordinary tobacco-mosaic virus {[Marmor tabaci H. (3)]. Systemic symp- 
toms appeared on all plants about 5 days later. When harvested, plants 
were minced in a food chopper and the juice pressed from the pulp by 
means of a small hand press. The expressed juice was cleared of extrane- 
ous insoluble material by low-speed centrifugation. In all determinations 
of virus activity, the cleared juice was used while fresh unless otherwise 
stated. 

ASSAY FOR VIRUS ACTIVITY 

The expression ‘‘ virus content’’ as used in this paper refers only to the 
virus activity of expressed juice. There is no reason to suppose, however, 
that the virus content of the plant is not well represented by the data ob- 
tained on samples of expressed juice. Phaseolus vulgaris L. var. Early 
Golden Cluster was used as the test plant as suggested by Price (6). Bean 
plants, 9 or 10 days old, were selected for uniformity in the size of their 
primary leaves, the only leaves used for inoculation. On dark and cloudy 
days, supplementary illumination from 1000-watt Mazda bulbs was sup- 
plied to prevent the bean plants from becoming spindly. The assay for 
virus activity was carried out as follows: Suitable dilutions of the cleared 
juice were made with 0.1 M potassium phosphate buffer at pH 7.0. The 
virus activity of each dilution was then measured by the local-lesion method 
(2). Full use was made of the half-leaf method (9) by comparing pairs of 
treatments on opposite leaf halves in all possible combinations. Since no 
more than 4 treatments were compared at any one time, it was possible to 
test each treatment at least once on every bean plant. When half of the 
test plants had been inoculated, the order in which the samples were ap- 
plied was reversed. The leaves were syringed with water immediately 
following inoculation. Each dilution of every sample was rubbed on the 
upper surface of 36 half leaves. 

Although at present there is no satisfactory chemical, physical, or bio- 
logical measure of the absolute amount of active virus in a solution, it is 
possible to caleulate with a reasonable degree of accuracy the relative virus 


activity of samples tested at any one time. A comparison of the number of 
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lesions produced on bean leaves by any definite dilution of extracts shows 
which sample is most concentrated at that particular dilution but does not 
show the magnitude of the difference in concentration, because the number 
of lesions produced is not directly proportional to the dilution of virus used 
for inoculation. Samvuent and Batp (9) found that-the logarithm of the 
numbers of lesions produced by tobacco-mosaic virus is a linear function 
of the logarithm of the virus concentration over a considerable range in 
concentration. The slope of the straight line fitted to data over this range 
is of the order of 0.6 but varies, depending upon experimental and environ- 
mental conditions. By the use of 3 suitable dilutions of each virus sample, 
it is possible to determine the slope of the straight portion of the curve and 
thus obtain a mathematical comparison of the relative virus activity of the 
samples (10,12). Experimental data on the accuracy of this mathematical 
procedure will soon be published (12). This method of caleulation was 
used in the present study. 
Results 
RESPONSE IN YOUNG PLANTS 

It was anticipated that the age of plants at the time different nutrient 
treatments were first started might influence the results. Consequently, tests 
were made with both young and old plants. The first tests with young 
plants were carried out in May and included a group grown in composted 
soil. Differential nutrient treatment was started on the day of inoculation. 
At intervals of 5, 6, 7, 8, and 10 days after inoculation, representative 
plants were harvested from each of the 4 groups (low-nitrogen, medium- 
nitrogen, high-nitrogen, and soil-grown plants). The relative virus con- 
tent in the expressed juice from each set of plants was determined; the 
experimental data are presented in table I. In this table it is not possible 
to compare the activity data of one harvest with those of another harvest. 
because the virus-activity tests were carried out each day on fresh tissue 
immediately after harvesting. The relative virus content per plant was 
ealeulated by multiplying the virus content per milliliter of juice by the 
average number of milliliters expressed per plant. At each harvest, the 
control plants grown in composted soil were the largest, although by the 
10th day after inoculation the medium-nitrogen plants were nearly equal in 
size. The high-nitrogen plants were slightly smaller than the medium- 
nitrogen plants at all times. 

The relative virus content of the plants on the various treatments is ex- 
pressed diagrammatically in figure 1. At all harvests except the first the 
virus content of the high-nitrogen plants was greater than that of the 
medium-nitrogen plants. On the 5th and 6th days after inoculation the 
virus content of the high-nitrogen plants was less than that of plants grown 
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TABLE I 


VIRUS ACTIVITY OF JUICE EXPRESSED AT INTERVALS AFTER INOCULATION FROM DISEASED 
TOBACCO PLANTS RECEIVING DIFFERENT AMOUNTS OF NITROGEN 























Time oF Num BER OF LESIONS RELATIVE 

HARVEST: | No. or | AVERAGE PER PLANT | ON 36 HALF LEAVES VIRUS CON- 
NITROGEN DAYS PLANTS AT A DILUTION OFT TENT PER 

LEVEL* APTER HAR- Vou me ad 
: OLUME 
TOCULA- TES GREEN 2 at 
Bey VESTED Pel or suice | 10 | 10-*°| 10 | Mu. | Prant 
. —_ EXPRESSED 
days gm. ml, 

Low 5 45 1.2 0.5 2111 1009 458 38 10 
Medium 5 40 2.0 1.1 3026 | 2531 805 103 60 
High 5 35 2.0 0.9 $211 | 2420 834 113 54 
Control 5 25 3.4 1.9 2495 | 2202 934 100 100 
Low 6 40 1.6 0.7 793 275 111] 20 5 
Medium 6 30 2.6 1.3 1681 631 299 72 30 
High 6 30 2.6 1.3 2000 982 568 133 56 
Control 6 20 5.5 3.1 1631 830 471 100 100 
Low 7 30 2.0 0.9 025 650 434 30 12 
Medium 7 20 3.0 1.4 1238 | 1174 619 113 72 
High 7 20 2.8 1.4 1292 1330 731 164 104 
Control 7 15 4.8 2.2 i115 1219 606 100 100 
Low 8 25 2.6 1.2 2940 1930 1357 | 189 73 
Medium 8 20 4.5 2.1 2954 | 1772 1509 | 191 129 
High 8 20 4.3 2.1 3450 2060 1289 216 146 
Control Ss 15 5.8 3.1 2239 | 1494 | 1265 100 100 
Low 10 25 2.6 1.2 4566 2797 2336 98 33 
Medium 10 15 6.4 3.1 6588 3335 | 3657 295 254 
High 10 15 5.5 2.5 6405 3985 3847 428 297 
Control 10 12 73 3.6 4529 2773 | 2443 100 100 





* The plants used as controls were grown in composted soil. 

+ At first harvest 5 days after inoculation, the juice was tested at dilutions 10“, 10~** 
and 10-%, 
in soil, but on successive days after the 6th day it was progressively greater 
than that of the soil-grown plants. By the 10th day the high-nitrogen 
plants had 3 times more virus in their expressed juice than did the soil- 
grown plants. The virus activity of the medium-nitrogen plants was inter- 
mediate between the activities of the plants on these 2 treatments in both 
harvests after the 7th day. The virus activity of the low-nitrogen plants 
was considerably less than that of any other plants at all harvests. 

This evidence indicates that the addition of a large supply of nitrogen 
brought about a decided increase in the rate of virus multiplication, the 
inerease being detectable as early as the 5th day after inoculation. Inas- 
much as the increased nitrogen supply did not produce any noticeable in- 
erease in the rate of plant growth within the experimental period, differ- 
ential growth cannot be considered as the factor responsible for this change 
in the rate of virus multiplication. The presence of readily available nitro- 
gen in the sand cultures was influential in increasing virus multiplication 
at a rate faster than that which occurred in plants grown in composted soil 











SPENCER: MULTIPLICATION OF TOBACCO-MOSAIC VIRUS 667 


In order to determine whether the effect of an increased nitrogen supply 
might also be detectable by a change in the amount of virus protein in the 
expressed juice, an experiment of the same general plan as that of the pre- 
vious experiment was conducted. It was necessary to modify the experi- 
mental procedure to some extent, however, to allow for the chemical deter- 
mination of the virus protein. In order to remove all normal, high molee- 
ular weight protein present in diseased as well as in healthy tobacco plants, 
the plants were frozen at — 14° C. immediately after harvesting. It has 
been pointed out by Bawpen and Pirie (1) that the virus protein is unaf- 
fected by freezing, whereas the normal protein of corresponding size is 
denatured and rendered insoluble by such treatment. The plants were 
held at this temperature in covered dishes for at least 24 hours and then 
minced. Following treatment of the macerated pulp with 3 per cent. by 
weight of K,HPO, to decrease the hydrogen-ion concentration to about pH 


300+ = 
- G 
z [] Low-N PLANTS ree 
Od 
- @ MEDIUM-N PLANTS ies 
O 
Sy. we F Kaj HIGH-N PLANTS 
z 
n< BB CONTROL PLANTS 
> 
ao 
>a 
we 
> 100 on 
= ss 
Od 
: : 
ve) oe 
a Se 
‘ 
@) ax 








DAYS AFTER INOCULATION 
Fic. 1. The relative virus content in juice expressed at intervals following inocula 


tion from plants receiving different amounts of nitrogen. 


7, the pulp was allowed to thaw at room temperature. The expressed juice 
was cleared of insoluble materials by low-speed centrifugation. One ali- 
quot of the clarified juice was analyzed for virus-protein content, another 
for total-protein content, and a third was assayed for virus activity. 

The virus protein was isolated by means of an air-driven ultracentrifuge 
(13, 14) as follows: Ten-ml. aliquots of the clarified juice were ultracen- 
trifuged for 1 hour, at a speed of about 33,000 r.p.m., corresponding to a 
field with a mean force of approximately 60,000 times gravity. The pellet 
containing the virus protein was suspended in not over 10 ml. of buffer 
(0.1 M potassium phosphate at pH 7.0). This suspension was then spun in 
an angle centrifuge for 10 minutes to remove pigment and aggregated col- 
loidal matter. The supernatant solution containing the soluble virus pro- 
tein was again ultracentrifuged, and this procedure followed by re-suspen- 
sion of the virus protein and low-speed angle centrifugation to remove any 
remaining insoluble material. The supernatant solution was then made up 
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to its original volume with buffer and analyzed for nitrogen (11) by diges- 
tion with concentrated H.SO,, in the presence of K,SO, and SeOCl, and 
distillation of the nitrogen present as ammonia. 


TABLE II 


VIRUS ACTIVITY AND VIRUS-PROTEIN CONTENT OF JUICE EXPRESSED AT INTERVALS AFTER 
INOCULATION FROM DISEASED TOBACCO PLANTS RECEIVING DIFFERENT 
AMOUNTS OF NITROGEN 





























PROTEIN CON- 

TIME OF ee AVERAGE PER PLANT RELATIVE VIRUS | TENT PER ML. 

: HARVEST: . CONTENT PER | OF JUICE (MG. 

NITROGEN PLANTS N x6) 
LEVEL Cate se HAR- 
INOCULA- ee VoLu 
VESTED | Green OLUME 
TION eet or suice | Mu. | Puant | Toran | Virus 
WEIGHT; 
EXPRESSED 

days gm. ml, mg. mg. 

Low 4 25 1.5 0.7 3 20 2.28 0.10 
Medium 4 20 2.3 1.2 100 100 3.12 0.10 
High 4 22 2.0 1.1 166 152 3.12 0.10 
Low 5 25 1.5 0.7 44 24 3.12 0.16 
Medium 5 20 2.3 1.3 100 100 3.84 0.28 
High 5 22 2.7 1.7 113 148 3.48 0.25 
Low 6 25 1.5 0.9 35 19 2.46 0.28 
Medium 6 18 2.7 Be 100 100 6.00 0.60 
High 6 18 3.1 1.9 101 113 §.52 0.76 
Low 7 25 1.8 1.1 35 14 2.82 0.41 
Medium 7 15 4.1 2.7 100 100 6.42 1,05 
High 7 15 3.6 22 99 81 5.40 1.10 
Low 8 22 2.0 1.2 25 11 2.52 0.64 
Medium s 12 4.4 2.7 100 100 7.86 1.68 
High 8 15 4.7 2.9 122 131 8.04 2.16 
Low 10 20 2.6 1.6 31 14 2.70 0.90 
Medium 10 10 5.6 3.5 100 100 8.52 2.04 
High 10 10 7.0 4.6 132 173 8.40 2.46 
Low 12 20 2.3 1.3 39 9 3.60 1.20 
Medium 12 10 8.5 5.7 100 100 9.30 2.76 
12 10 9.0 6.1 155 166 10.92 3.66 


High 


The data recorded in table II are from this experiment earried out in 
June. Representative plants were harvested from each of the 3 treatments 
in sand (low-nitrogen, medium-nitrogen, and high-nitrogen) at 4-, 5-, 6-, 
7-, 8-, 10-, and 12-day intervals following inoculation. From the virus 
activity data as recorded in columns 6 and 7, it is apparent that during the 
period when systemic symptoms of the disease were first appearing, 5 to 7 
days following inoculation, the juice from the low-nitrogen plants was only 


about 35 per cent. as active on the unit-volume basis as was that from plants 
receiving larger amounts of nitrogen. By the 8th day, it was less than 25 
per cent. as active. When calculated on the plant basis, the data indicate 
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that by the 8th day following inoculation the juice from the high-nitrogen 
plants contained 12 times more virus than that from the low-nitrogen 
plants, even though the high-nitrogen plants were only 2 to 3 times as large. 
From the data pertaining to the total protein measurements, it is appar- 
ent that the protein content per ml. of juice expressed from the low-nitro- 
gen plants increased only 50 per cent. in the 8 days between the 4th and 
12th days after inoculation. The plants of the other 2 nitrogen treatments, 
however, increased about 300 per cent. during the same period. During the 
8-day period, the total protein content in the juice from the entire plant 
increased only 3-fold in the case of the low-nitrogen plants but increased 
about 14 times in the case of the medium-nitrogen plants and over 18 times 

in the case of the high-nitrogen plants. 
4 





VIRUS PROTEIN CONTENT 
MG. PER ML. 














VIRUS PROTEIN CONTENT 
MG. PER PLANT 














DAYS AFTER INOCULATION 
Fic. 2. Virus-protein content of juice from plants harvested at 4-, 5-, 6-, 7-, 8-, 10-, 
and 12-day intervals after inoculation, the plants having received either low, medium, or 
high amounts of nitrogen. The upper graph represents the virus-protein contents per ml. 
of juice; the lower graph the virus-protein contents per plant. 
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The data pertaining to the virus-protein content in the juice from plants 
receiving either low, medium, or high amounts of nitrogen are represented 
by the 2 graphs in figure 2. As shown in the upper graph, the juice from 
the low-nitrogen plants at all harvests had less virus protein per ml. than 
that from plants on either of the other 2 nitrogen treatments; juice from 
the high-nitrogen plants had the most. Four days after inoculation, virus- 
protein content per ml. of expressed juice was practically the same in all 3 
treatments. During the next 8 days, the virus-protein content per ml. of 
juice from the low-nitrogen plants increased 12-fold, whereas that in the 
medium-nitrogen and that in the high-nitrogen plants increased over 27 
and 36 times, respectively. During the 8-day interval between the 4th and 
12th days after inoculation, the calculated virus-protein content in juice 
from the entire low-nitrogen plants increased over 20 times. During this 
same interval, however, the virus protein in the medium-nitrogen plants 
increased over 130 times, and that in the high-nitrogen plants over 200 
times. The growth data in table II show that in no case did the weight of 
these plants increase more than 5-fold during this interval. 


RESPONSE IN OLDER PLANTS 


Since the above data show that in young plants an increase in the nitro- 
gen supply is quickly followed by a rapid increase in virus content, an 
experiment was next carried out to determine what effect a supplementary 
supply of nitrogen might have when applied to older plants. High-nitro- 
gen treatment was started on groups of representative plants at 4 different 
intervals after inoculation. The relative size of the plants in each group 
when the supplementary nitrogen was first added is illustrated in figure 3. 





Fic. 3. Representative tobacco plants at time of initiation of high-nitrogen applica 
tion, 0, 6, 12, and 18 days after inoculation, respectively, from left to right. (Photo 
graph by J. A. CARLILE. 
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In series A, represented by the plant on the left, the high-nitrogen solution 
was applied every second day beginning on the day the plants were inocu- 
lated. In series B, the first addition of the high-nitrogen solution was made 
6 days after inoculation ; in series C, 12 days after; and in series D, 18 days 
after inoculation. Since the experimental data obtained in series D were 
similar to those in series C, they will not be included in the present discus- 
sion except for occasional mention. Plants not receiving the high-nitrogen 
solution were supplied the medium-nitrogen solution every second day. 
All plants were frozen immediately after harvesting so that determinations 
could be made of the virus-protein content. The results of this experiment, 
earried out during September and October, are recorded in table ITI. 


x 
TABLE Lil 
INCREASE IN VIRUS CONCENTRATION AND VIRUS-PROTEIN CONTENT OF JUICE OF DISEASED 
PLANTS FOLLOWING THE ADDITION OF AN INCREASED NITROGEN SUPPLY 
AT INTERVALS AFTER INOCULATION 














INITIAL TIME OF a ale PERCENTAGE ‘ +e 
» ‘ GREEN WEIGHT reictin ay Si pm VIRUS-PROTEIN CONTENT PER 
HIGH-NITRO- | HARVEST: 2 é INCREASE IN : pg 
s a PER PLANT a ; ML. OF JUICE (MG. N x 6) 
GEN ADDI- | DAYS AFTER | VIRUS CON 
TION: DAYS | CHANGE IN | 3 l TENT IN : Ret 
AFTER INOCU-| N TREAT- | Mepium-| Hien HIGH-N MepiumM-| Hien- | PERCENTAGE 
LATION | MENT | N N PLANTS N N INCREASE 
days days gm, gm, % ma. mg. | % 
Series A 
0 4 0.8 0.8 23 0.14? 0.03% | 
0 8 2.0 1.7 48 1.08 1.39 28 
0 12 4.5 3.6 39 1.84 2.52 37 
Series B | | 
6 4 3.0 3.5 36 1.74 191 | 10 
6 8 §.2 5.5 71 2.18 3.19 | 46 
6 | 12 9.5 10.0 97 2.60 3.83 47 
Series C 
12 4 7.8 6.9 0 3.10? 3.33 8 
12 8 16.2 14.1 7 2.75 3.70 | 34 
12 12 23.2 17.8 55 2 86 3.88 | 36 


The plants in series A were quite small, since the initial addition of the 
high-nitrogen solution was made at the time of inoculation. At 4-day in- 
tervals after inoculation, representative plants were harvested from both 
the high- and medium-nitrogen treatments. At the first harvest, the juice 
from the high-nitrogen plants was 23 per cent. more active than that from 
the medium-nitrogen plants. After 8 days it was 48 per cent. more active 
and 4 days later 39 per cent. more active. In series B, the initial addition 
of the high-nitrogen solution was not made until the 6th day after inocula- 
tion, at which time the plants showed symptoms of systemic infection. 
With plants at this stage, the high-nitrogen treatment brought about a pro- 
nounced increase in the virus activity of the juice. Four days after the 
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change in nutrient solution, juice from the high-nitrogen plants was 36 per 
cent. more active than that from the medium-nitrogen plants. It was 71 
per cent. more active after 8 days and 97 per cent. more active after 12 
days. This percentage increase is greater than that recorded in series A. 
This may be explained by the fact that in series A the plants were inocu- 
lated at the same time that high-nitrogen treatment was started. There- 
fore, several days were required for the virus to become established and to 
invade the plants systemically before it could respond to the added supply 
of available nitrogen. In series B, however, the plants were thoroughly 
diseased before the addition of the supplementary supply of nitrogen. In 
the third group (series C) the plants had been inoculated for 12 days before 
they received the high-nitrogen solution. With these larger plants, the 
high-nitrogen treatment apparently produced little or no increase in virus 
activity until the plants had been on treatment about 12 days. It may be 
that in larger plants the increased nitrogen supply does not become effective 
as rapidly as it does in medium-size plants. A similar relationship was 
found when the high-nitrogen treatment was started on the 18th day after 
inoculation. 

The virus-protein content of the juice from plants 4 days after inocu- 
lation, before symptoms of systemic invasion had become apparent, was 
practically negligible. Eight days after inoculation, when the plants 
showed symptoms of systemic invasion, the virus-protein concentration in 
the juice of the high-nitrogen plants was 28 per cent. higher than that in 
the medium-nitrogen control plants. Four days later it was 37 per cent. 
higher in the high-nitrogen plants. This percentage increase in virus pro- 
tein is comparable to the increase found in the virus activity studies. 

In series B, with systemically diseased plants, the juice from the high- 
nitrogen plants had a higher virus-protein content than did the medium- 
nitrogen plants at each of the 3 harvests. The percentage increase became 
greater as the period of high-nitrogen treatment became more extended. 
Although the percentage increase in virus protein, due to the high-nitrogen 
treatment, was smaller than the percentage increase recorded by the activity 
measurements, both were in the same direction. With older plants (series 
C) the high-nitrogen treatment also resulted in the formation of a higher 
virus-protein concentration in the juice of diseased plants. The nitrogen 
measurements of the medium-nitrogen treatment 4 days after treatment 
were abnormally high and may not be representative, but those made after 
8 and 12 days indicate that the virus-protein concentration in the juice 
from the high-nitrogen plants was 35 per cent. greater than that in juice 
from the medium-nitrogen plants. 


Discussion 


The experimental data presented in this paper are at variance with 
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recent results published by Riscukov and Smirnova (7). Working with 
tomato plants infected with tobacco-mosaie virus, they reported that (1) 
the concentration of virus in the juice of nitrogen-deficient plants is equal 
to that in plants supplied normal amounts, and that (2) the disease fails to 
retard the development of plants receiving an adequate nitrogen supply. 
It is difficult to reconcile the results of these workers with those obtained 
by the writer. The data presented here (table 1) and in a previous paper 
(10, table III) indicate a much lower virus concentration in nitrogen-defi- 
cient plants, the concentration often amounting to as little as 1/30 that in 
nitrogen-fed plants. Previously published data (10, table V), corroborated 
by similar unreported data found in this study, also show that, on all nitro- 
gen levels tested, diseased plants are regularly smaller and weigh less than 
healthy control plants. 

Throughout this paper, the experimental data dealing with rate of virus 
multiplication have been based on measurements of the relative virus con- 
tent in the juice of treated and control plants at definite periods following 
inoculation. Since these time periods were short, it is assumed that any 
variation in relative virus content was due primarily to an alteration in 
the rate of virus multiplication brought about by the change in nutritional 
treatment. Although the experimental evidence supports this hypothesis, 
two other possible explanations should be mentioned briefly. One possi- 
bility is that the increased virus content of the high-nitrogen plants may 
have resulted from a greater stability of virus in these plants than in low- 
nitrogen plants, implying a differential rate of inactivation rather than a 
differential rate of formation. KunKen found that such viruses as those 
causing aster yellows (5), peach yellows, little peach, peach rosette, and 
red suture (4) can be inactivated by heat treatments within the living 
plant. Ross (8) suggested that alfalfa-mosaic virus may be inactivated in 
tobacco plants under normal growing conditions. It has recently been 
shown (11) that the activity of tobacco-mosaic virus in vivo may decrease 
under nitrogen-deficient conditions, but such a decrease could aceount for 
only a small part of the differences observed here between the virus activity 
of the plants on the various nitrogen treatments. 

Another possibility that might explain the experimental evidence is that 
under certain growing conditions the virus particles within the plant or in 
the expressed juice may come together to form aggregates containing many 
virus particles. If this assumption were correct, the high-nitrogen treat- 
ment might cause dispersal of virus particles into smaller aggregates, 


thereby producing more infectious units without actually increasing the 
total amount of virus present. The fact that in this study a corresponding 
increase was found not only in virus concentration as determined by the 
local-lesion method but also in virus-protein content would tend to rule out 
differential dispersion as an explanation for the observed facts. 
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Therefore, in the present state of our knowledge, it is permissible to 
state with certainty only that the high-nitrogen treatment has resulted in 
an increase in the virus content of the expressed juice. In the light of 
present evidence, it would seem logical to assume that an increase in the 
rate of virus multiplication may have taken place in the high-nitrogen 
plants. The increase appears to be correlated with the nitrogen supply 
itself and not in any direct way with a growth differential resulting from 
the nitrogen treatment. It is not improbable that even in small plants there 
may be only a limited supply of available nitrogen. In this case, as with 
larger plants, the competition for the available nitrogen between the normal 
growth processes and those responsible for virus formation may be a limit- 
ing factor in virus multiplication. With an abundant supply of nitrogen 
and in the absence of other possible limiting factors, virus multiplication 
should proceed at an ever increasing rate, the nitrogen serving as part of 
the substrate. 

Summary 

A study was made of the influence of nitrogen supply on the rate of 
multiplication of tobacco-mosaic virus in Turkish tobacco plants. Plants, 
grown in sand, were supplied with nutrient solutions containing either a 
low, medium, or high amount of nitrogen. Assay for virus activity was 
made on Phaseolus vulgaris L. var. Early Golden Cluster. The virus pro- 
tein was isolated by means of an air-driven ultracentrifuge. 

In young plants a difference in virus activity could be detected as early 
as the 5th day after inoculation, when the juice expressed from low-nitro- 
gen plants was found to be only about 35 per cent. as active as that in juice 
from plants receiving more nitrogen. By the 8th day, it was less than 25 
per cent. as active. <A 3-fold difference was recorded in the virus-protein 
contents in the juices of these 2 treatments. The activity data calculated 
per plant indicate that by the 8th day after inoculation the juice from the 
high-nitrogen plants contained 12 times more virus than that from the low- 
nitrogen plants, even though the high-nitrogen plants were only 2 or 3 
times as large. From the 4th to the 12th day after inoculation, the virus- 
protein content of the juice expressed from the low-nitrogen plants in- 
creased about 20 times, whereas that of juice from the high-nitrogen plants 
increased over 200 times. 

Older diseased plants receiving the medium-nitrogen solution for longer 
periods before being given the high-nitrogen solution attained greater virus 
activity as a result of the supplementary supply of nitrogen. The data 
indicate that the larger the plant the more time is required for the increased 
nitrogen supply to become effective. 

The experimental evidence is interpreted as supporting the view that 


the increased virus activity associated with an increased nitrogen supply 
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is due primarily to an increase in the rate of virus multiplication in the 
ease of the high-nitrogen plants and only slightly, if at all, to the partial 
inactivation of the virus entity in the case of the low-nitrogen plants. 
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THE EFFECT OF HIGH CONCENTRATIONS OF CARBON 
DIOXIDE ON THE GLUTAMINE AND ASPARAGINE 
METABOLISM OF THE SUGAR BEET 


J. M. FIiFe and W. CO. FERGUSON 


(WITH ONE FIGURE) 


Introduction 


It is well known that asparagine is one of the most important amides of 
the cell sap of plants and that excesses of ammonia from any source (in- 
ternal or external) are removed in part by conversion into asparagine (1, 
8). Likewise, glutamine is an important amide and in some plants its for- 
mation may be more important in maintaining ammonia at a tolerant 
level than is asparagine (8, 12, 13). 

Earlier investigations (3) revealed that in sugar beet plants subjected 
to high concentrations of carbon dioxide there is an increase in ammonia 
and a decrease in the hydrogen ion concentration of the cell sap (3, 4). 
The increase of ammonia, in the plants exposed to 20 per cent. carbon di- 
oxide, was fully accounted for by the loss of amide nitrogen. Only 44 per 
cent. of the inerease of ammonia nitrogen could be accounted for by the loss 
of amide nitrogen when the plants were exposed to 40 per cent. carbon 
dioxide. Only 10 per cent. of the increase of ammonia could be accounted 
for by the loss of amide nitrogen, when 80 per cent. carbon dioxide was 
used. It was also demonstrated that when carbon dioxide-treated beet 
plants were allowed to recover, the amide nitrogen increased to its original 
value apparently at the expense of the ammonia and with the formation of 
hydrogen ions. Inasmuch as most plants are poorly buffered at the pH of 
their normal cell sap, it may be that amide nitrogen plays an important role 
in the detoxification of hydrogen ions or compounds formed as a result of the 
treatment of plants with carbon dioxide. 

In this paper are presented data showing the changes in ammonia, 
glutamine-amide and asparagine-amide nitrogen in sugar beet plants ex- 
posed to high concentrations of carbon dioxide. Data are also presented 
showing the changes which take place in beet-leaf extracts' on standing and 
certain modifications of the method of treating the extracts which appear 
to be a distinct advantage in determining more accurately the mentioned 
compounds in beet leaf extracts. 

The methods developed by Vickery, Pucuer, CLARK, CHIBNALL and 
Westatt (11) for the determination of glutamine in the presence of as- 
paragine in plant tissues were used, with a slight modification, in studying 

1 The term ‘‘beet-leaf extracts’’ refers to extracts of the blades of the leaves only. 
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the réle these compounds play in the reactions accelerated in plants by high 
concentrations of carbon dioxide. They were further used to determine, if 
possible, the source of the ammonia not accounted for by the decrease in 
amide nitrogen reported in earlier work (3). Preliminary tests revealed 
that modification was necessary; in the nitrogen fractions of beet-leaf ex- 
tracts prepared by those methods (Vickery eft al.), changes occurred 
before complete analysis could be made of all the extracts comprising one 
experiment. 
Materials and methods 


Sugar beet plants were grown in the greenhouse in six-inch pots (4 
plants per pot) in well fertilized soil for 6 to 8 weeks. The tests in which 
unfertilized plants were used received no ammonium sulphate. The heavily 
fertilized plants received ammonium sulphate each week to keep the plants 
well supplied with nitrogen. Each pot also received a heavy application of 
ammonium sulphate 10 to 14 days before the samples were taken in order 
to stimulate the production of amides (12). A large number of plants 
were pulled and divided into lots. No tests were conducted in which fewer 
than 30, and generally 50, plants made up the samples. The sampling error 
was found to be insignificant when 20 plants comprised the sample. One 
lot served as the control while the remaining lots were treated with different 
concentrations of carbon dioxide and for varying lengths of time. 

The plants were placed in an upright position in a test tube basket over 
which was placed a 22-liter bell jar. Air equal to the desired volume of 
carbon dioxide was displaced with water. Carbon dioxide from a cylinder 
was immediately forced into the bell jar until all the water was displaced. 
The entire plants were treated in this way for a definite period; the blades 
and petioles were then immediately removed, separated, and ground in a 
plate type grinding mill. Certain lots were allowed to recover from the 
earbon dioxide treatment; these were placed in the laboratory with their 
roots in water for 5 hours, after which the leaves were removed. From this 
point on, the methods of preparing the samples and also the analytical pro- 
cedure were identical for the treated and the control samples; consequently 
all systematic errors were eliminated by mutual cancellation. 

The pulp was thoroughly mixed before 100-gram samples and two 
moisture samples were removed. Twenty-five ml. of ether were added to 
the samples which were allowed to stand, with frequent stirring, for 30 
minutes. Each sample was then transferred to a coarse-meshed cloth, and 
the juice expressed by hand. Water was then added to the pulp and the 
liquid expressed by hand. This operation was repeated six times to insure 
the removal of all soluble nitrogen. This brought the total volume of the 
extracts to approximately 250 ml. Tests showed that an average of 80 per 
cent. of the liquid present in the pulp was expressed after each addition of 
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water. A further test showed that only 0.34 per cent. of the total soluble 
nitrogen present in the sample was found in the 7th, 8th and 9th extractions 
combined. The samples were brought to 80° C., filtered through paper 
pulp, cooled rapidly, and made up to a volume of 250 ml. Special tests 
showed that the paper pulp did not retain signifieant amounts of soluble 
nitrogen. 

All nitrogen determinations were made in duplicate. The ammonia was 
distilled over at atmospheric pressure in a micro Pyrex steam distillation 
apparatus (5). The distillates were evaporated to approximately 20 ml. 
and titrated using 0.01 N solutions and methyl red as indicator. Corree- 


—s 
— 











Al 














Fig. 1. Vacuum distillation apparatus. 


tions for the blank were applied in all determinations. The titration and 
distillation error using this apparatus was 0.014 mgm. of nitrogen. 

The ammonia in 100-ml. aliquots was determined by distilling in vacuo 
unless otherwise stated. Preliminary experiments demonstrated that a 
bead tower as shown in figure 1 was necessary to hold the ammonia carried 
over with the spray caused by the air bubbling through the liquid in the 
receiving flask. The sample was transferred to the distilling apparatus 
through the stopcock and 25 ml. of a 0.5 N sodium hydroxide solution con- 
taining 5 per cent. borax was added, with distilled water for dilution, to 
render the sample alkaline. Pressure was reduced in the apparatus by 
connecting the outlet of the bead tower to an aspirator. A small amount 
of heat was applied and the stopcock opened allowing sufficient air to 
bubble through the sample to maintain the pressure at 70 mm. of mercury. 
A small amount of acid was added to the receiving flask and the flask hold- 
ing the bead tower. The distillate and the acid in the bead tower were 
combined and redistilled in the micro Pyrex steam distillation apparatus. 
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This was done to eliminate any alkali which might have been carried over 
in the spray formed by the air bubbling through the sample. 

Glutamine-amide nitrogen was determined by the method described by 
Vickery et al. (11). To a 25-ml. aliquot was added an equal volume of a 
0.2 M phosphate buffer mixture (prepared according to CuarK [(2) p. 210, 
pH 6.468] and hydrolyzed for two hours. The distillation was carried out 
in vacuo as described, using the alkaline borate mixture to render the 
sample alkaline. The distillates were redistilled in the micro steam dis- 
tillation apparatus. Preliminary tests as suggested by Vickery et al. (11) 
indicated the absence of urea and allantoin in the beet-leaf extracts. 

Samples for asparagine-amide nitrogen were made 1 normal with sul- 
phurie acid and hydrolyzed for three hours. The samples were almost neu- 
tralized with sodium hydroxide and then made slightly alkaline with the 
alkaline borate mixture; ammonia was distilled over at atmospheric pres- 
sure. Extensive tests demonstrated that with the material and the apparatus 
used it was not necessary to distill the asparagine-amide samples over in 
vacuo, 

Soluble nitrogen was determined on aliquots after precipitation of the 
proteins. A catalyst of sodium sulphate, copper sulphate, and selenium 
was used to hasten digestion (6). 


Results 


Preliminary experiments indicated that certain nitrogen fractions in 
beet-leaf extracts were highly unstable upon standing several hours under 
laboratory conditions, as shown by an increase in ammonia nitrogen. Pre- 
liminary tests also revealed that heating the extracts to 80° C. and filtering, 
as outlined by Vickery ef al. (11) was insufficient to prevent these changes 
from taking place in the extracts before complete analysis could be made of 
all the extracts comprising one experiment. The rate and extent to which 
these changes take place in aliquots of beet-leaf extracts on standing are 
shown in table I. These data are typical of the results obtained. In 24 
hours, the ammonia increased 3.8 per cent., while the glutamine-amide 
nitrogen decreased the same amount. In the 72-hour period the ammonia 
inereased 135 per cent. Approximately 20 per cent. of the total gain in 
ammonia nitrogen could be accounted for in this experiment by the loss in 
glutamine-amide nitrogen. During this same period the asparagine-amide 
nitrogen increased 40 per cent. 

In all cases a marked increase in ammonia occurred upon standing. The 
glutamine-amide nitrogen consistently decreased while at the same time 
the asparagine-amide nitrogen increased. The increase in asparagine-amide 
nitrogen, on standing 48 hours, for the experiments as listed was 39, 97, 114 
and 22 per cent., respectively. In view of these facts, it is evident that cer- 
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TABLE I 


THE CHANGES IN AMMONIA, GLUTAMINE-AMIDE AND ASPARAGINE-AMIDE NITROGEN 
IN ALIQUOTS OF BEET-LEAF EXTRACTS HEATED AND ALLOWED TO STAND 








TEM- NITROGEN PER 1000 GRAMS OF DRY TISSUE 
Hours PERA- ua 
BEFORE | | GLUTAMINE- | ASPARAGINE- 
ae toe | Goes | NE, |e | ae | ase 
HEATED | NITROGEN | NITROGEN | ne ea . ; : . 
| NITROGEN NITROGEN NITROGEN 
og, qm. qm, qm. gm, gm. 
Control 80 13.58 0.368 0.944 0.500 1.444 
24 80 0.382 0.908 0.449 1.357 
48 80 0.526 0.905 0.695 1.600 
72 80 13.58 | 0.865 0.847 0.701 | 1.548 
Control 80 10.20 0.417 0.530 0.288 0.818 
48 80 10.20 | 1.007 0.359 0.566 | 0.925 
Control 86 11.92 | 0.382 0.776 0.494 1.270 
48 80 11.92 0.832 0.146 1.057 1.203 
Control 100 10.91 | 0.265 0.371 0.388 | 0.759 
48 100 11.40 0.642 0.272 0.474 0.746 


tain substances which are unstable are still present in the beet-leaf extracts 
after being heated to 80° C. and filtered. Wesstrer (14) observed the for- 
mation of ammonia in plant extracts stored in alcoho! and coneluded that 
it might have come from deaminization of amino acids. 

Inasmuch as the pH of the beet-leaf extracts was higher than the iso- 
electric points of asparagine and glutamine, the next step was to determine 
the nitrogen changes in the extracts on standing after the hydrogen ion 
concentration had been increased. In two experiments the extracts used as 
controls were heated to 80° C. and filtered. The other extracts were brought 
to boiling and 2 ml. of 10 per cent. acetic acid added as recommended by 


TABLE II 


THE CHANGES IN AMMONIA, GLUTAMINE-AMIDE, AND ASPARAGINE-AMIDE NITROGEN, 
IN THE BEET-LEAF EXTRACTS WHEN HEATED TO 80° C. AND 
100° C. AND ADJUSTED TO PH 4.5 


| Sroop NITROGEN PER 1000 GRAMS DRY TISSUE 

TEMPERA- | pH BEFORE 
TURE | ANALY- SoLu- NH | GLUTAMINE ASPARAGINE | TOTAL 
SIS BLE 3 | AMIDE AMIDE AMIDE 
*C. | hr. qm, qm. gm. gm, gm. 
80 Control 5.9 0 14.68 0.412 0.900 0.638 1.538 
100 4.5 0 14.42 0.428 0.940 0.654 | 1.594 
80 Control 5.9 0 14.72 | 0.924 1.176 0.469 | 1.645 
100 4.5 0 13.98 | 0.920 1.152 0.465 | 1.617 
80 Control | 5.9 0 10.91 0.265 0.371 0.388 | 0.759 
80 | 4.5 48 11.12 | 0.275 0.382 0.421 | 0.803 
100 | 5.9 18 11.40 | 0.642 0.272 0.474 | 0.746 
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NIGHTINGALE et al. (7). The samples were then filtered, cooled, and ana- 
lyzed immediately. In a third experiment, the control extract was heated 
to 80° C., filtered, and analyzed immediately. Another extract was heated 
to 80° C., 2 ml. of 10 per cent. acetic acid added, filtered, and allowed to 
stand 48 hours before being analyzed. A third extract was heated to 100° 
C., filtered, and allowed to stand 48 hours before analysis was made. The 
data are shown in table II. 

The first two experiments demonstrate that the elevated temperature 
with the higher hydrogen ion concentration has no effect on the nitrogen 
fractions. The slight differences shown are probably due to variations in 
extraction. The third experiment demonstrates that the breakdown of 
glutamine and other amides, with the formation of ammonia, is not arrested 
by merely bringing the extract to boiling. If the hydrogen ion concentra- 
tion was increased no significant change in the nitrogen fractions occurred 
in the extract when allowed to stand 48 hours. 

It appears that the catalytic agents responsible for the breakdown of 
glutamine and the formation of asparagine-amide nitrogen are not inacti- 
vated by bringing the extracts to boiling. If the hydrogen ion concentra- 
tion of the extract is increased sufficiently to bring the pH to 4.5 (which is 
below the isoelectric point of glutamine and asparagine) the extract is 
apparently rendered stable. 


TABLE III 


THE EFFECT OF 20 AND 40 PER CENT. CARBON DIOXIDE ON CERTAIN NITROGEN FRACTIONS IN 
THE BLADES OF SUGAR BEET LEAVES 





TREATMENT NITROGEN PER 1000 GRAMS OF DRY TISSUE 
GLUTAM- ASPARA- 

CARBON | TOTAL 

g RI | SOLUBLE AMMONIA INE GINE 
DIOXIDE PERIOD - . \ wl AMIDE 

A MIDE AMIDE 

% Min. gm. gm. gm. gm, gm. 
Control 13.66 0.248 0.651 0.609 1.260 

20 90 13.18 0.410 0.518 0.475 0.993 
Recovered 12.55 0.330 0.531 0.591 1.122 
Control 11.90 0.382 0.776 0.494 1.270 
20 90 12.30 0.523 0.719 0.455 1.174 
Recovered 12.60 0.487 0.908 0.503 1.411 
Control 9.28 0.141 0.422 0.298 0.720 
40 60 9.62 0.268 0.384 0.284 0.668 
Control 10.91 0.265 0.371 0.388 | 0.759 

40 60 9.90 0.400 0.222 0.319 } 0.541 
Recovered 11.12 0.257 0.435 0.388 0.823 

F " | a 
Control 9.18 0.137 0.239 0.235 0.474 
40 60 9.06 0.242 0.225 0.200 0.425 
Reeovered 9.07 0.151 0.215 0.236 0.451 
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After the preliminary ground work was settled, a number of experi- 
ments were conducted in which sugar beet plants were treated with carbon 
dioxide in concentrations of 20, 40, 80, and 100 per cent. 

The experiments conducted at 20 and 40 per cent. carbon dioxide are 
shown in table III. Changes in the nitrogen fractions in general are the 
same. In all experiments conducted at these concentrations the ammonia 
nitrogen increased while the glutamine-amide and asparagine-amide nitro- 
gen decreased. In general, the loss in amide nitrogen could be accounted 
for by the gain in ammonia nitrogen. When the treated plants were ex- 
posed to a normal atmosphere, the reactions appeared to be reversed since 
the nitrogen fractions in all experiments approached their original values. 
No significant change was observed in the soluble nitrogen when the plants 
were subjected to these concentrations of carbon dioxide. 

Changes in the nitrogen fractions in the plant in 80 and 100 per cent. 
carbon dioxide are different in certain respects from the reactions in 20 and 
40 per cent. carbon dioxide (table IV). In general, the increase in am- 


TABLE IV 


THE EFFECT OF 80 AND 100 PER CENT. CARBON DIOXIDE ON CERTAIN NITROGEN FRACTIONS IN 
THE BLADES OF SUGAR BEET LEAVES 





TREATMENT NITROGEN PER 1000 GRAMS OF DRY TISSUE 
, : | GLUTAM ASPARA- on 
CARBON Periop | Sonuste | AMMONIA INE GINE Tora 
DIOXIDE A AMIDE 
| AMIDE AMIDE 
% min, gm. gm. gm. gm. gm. 
Control 12.18 0.871 0.841 0.349 1.190 
80 90 14.49 1.853 0.964 0.414 1.378 
Recovered 11.22 0.627 0.778 0.313 1.091 
Control 13.47 1.407 1.041 0.428 1.469 
80 90 12.45 1.041 0.900 0.458 1,358 
Recovered 12.92 0.708 1.150 0.442 1.592 
Control 13.27 0.575 0.824 0.459 1.283 
80 90 12.72 0.716 0.678 0.475 1.153 
Control 13.42 0.975 0.817 0.655 1.472 
100 90 14.25 0.819 0.694 0.697 1.391 
Recovered 12.33 0.590 0.607 0.527 1.134 
Control 11.45 0.379 0.460 0.393 0.853 
100 90 12.10 0.646 0.283 0.653 0.936 
Recovered 12.07 0.839 0.497 0.424 0.921 
Control 13.97 0.789 1.435 0.484 1.919 
100 90 14.88 0.936 1.116 0.518 1.634 
Recovered 14.03 0.612 1.291 0.429 1.720 
Control 10.47 0.253 0.420 0.295 0.715 
100 90 11.59 0.486 0.371 0.306 0.677 


Recovered 10.75 0.218 0.370 0.354 0.724 
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monia nitrogen was much greater at 80 and 100 per cent. than at 20 and 40 
per cent. carbon dioxide. Also, the loss in glutamine-amide nitrogen was 
much greater at 80 and 100 per cent. carbon dioxide than at the lower con- 
centrations. This decrease in glutamine-amide nitrogen does not account 
in full for the observed gain in ammonia. A striking point is the difference 
between the response of the plants to the higher and the lower concentra- 
tions of carbon dioxide in regard to the asparagine-amide nitrogen. At the 
higher concentrations a significant increase in asparagine-amide nitrogen 
occurred in all experiments—66 per cent. in one instance. In contrast to 
this, there was a decrease in asparagine-amide nitrogen in all experiments 
with the lower concentrations and as much as a 22 per cent. decrease in one 
case. In general, there was an increase in soluble nitrogen at 80 and 100 
per cent. carbon dioxide. When the plants, exposed to these concentra- 
tions of carbon dioxide, were placed in a normal atmosphere for 5 hours the 
nitrogen fractions did not revert to the values obtained with the untreated 
plants. 

In certain of the earlier experiments, blades and petioles were analyzed 
together because the plant material available was limited. When these 
data (table V) are compared with those obtained in tables III and IV, in 


TABLE V 


THE EFFECT OF 20 PER CENT. CARBON DIOXIDE FOR TWO FOURS ON CERTAIN NITROGEN 
FRACTIONS IN THE BLADES AND PETIOLES OF SUGAR BEET LEAVES# 











NITROGEN PER 1000 GRAMS OF DRY TISSUE 





. | | 
GLUTAMINE | ASPARAGINE | TOTAL 





SOLUBLE AMMONIA 
SOLUBLE . AMIDE AMIDE AMIDE 
gm, gm. gm. gm. gm. 
Control 0.726 0.751 0.311 1.062 
Treated 0.995 1.506 0.401 1.907 
Control 8.80 0.197 1.050 0.294 1.344 
Treated 9.70 0.302 1.472 0.368 1.840 
Control 8.51 0.133 0.718 0.073 0.791 
Treated 9.10 0.212 0.978 0.120 1.090 
Control 10.10 0.194 0.522 0.380 0.902 
Treated 10.90 0.334 0.580 (421 1.001 
Control 6.41 0.270 0.393 0.213 0.606 
Treated 6.80 0.395 0.512 0.247 0.759 





a The plants used in these experiments were grown in greenhouse soil without the 
applications of ammonium sulphate. 

which only the blades made up the sample, it is strongly indicated that the 
glutamine and asparagine-amide nitrogen changes may be greatly influ- 
enced by the composition of the different parts of the leaf. For example, 
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when the blades only made up the sample (table II1) there was a decrease 
in glutamine and asparagine-amide nitrogen in all experiments. When 
the sample contained both blades and petioles (as in table V) striking in- 
creases in glutamine and asparagine-amide nitrogen were obtained in every 
ease. Similar increases in asparagine-amide nitrogen were noted (when 
blades only comprised the sample) only at 80 and 100 per cent. carbon 
dioxide (table IV). 

In view of this evidence, experiments were conducted to determine the 
relative amounts of glutamine and asparagine present in the blades and 
petioles, and at the same time to observe the changes in these nitrogen frac- 
tions occurring simultaneously in the two parts of the leaf under the influ- 


TABLE VI 


THE EFFECT OF 20 PER CENT. CARBON DIOXIDE FOR TWO HOURS ON CERTAIN NITROGEN 
FRACTIONS IN THE BLADES AND PETIOLES, ANALYZED SEPARATELY 
AND COMBINED* 


NITROGEN PER 1000 GRAMS OF DRY TISSUE 


| 
mssuE 





| Guuram- | AsParRa- 
SOLUBLE | AMMONIA | INE GINE pace 
: AMIDE 
| AMIDE AMIDE 

gm. gm. gm. gm, gm, 
Blades, Control 13.98 0.537 0.952 0.591 1.543 
Petioles, Control .. | 13.00 1.212 3.868 0.170 4.038 
Blades, Treated ... | 14.54 0.759 0.777 0.566 1.343 
Petioles, Treated | 15.22 1.395 | 3.787 0.638 4.425 
Blades and Petioles, Controlt 13.52 0.858 | 2.337 0.398 2.735 
Blades and Petioles, Treatedt 14.97 1.059 2.260 0.600 2.860 
Blades, Control 11.32 0.376 | 0.508 0.458 0.966 
Petioles, Control 9.83 | 0.800 2.915 0.535 3.450 
Blades, Treated . 10.87 | 0.432 | 0.459 0.391 0.850 
Petioles, Treated 9.58 0.956 2.619 0.599 3.218 
Blades and Petioles, Control{ | 10.27 0.609 1.453 0.466 | 1.919 
Blades and Petioles, Treated? 10.26 0.730 1.332 0.554 1.886 
Blades, Control 9.74 0.352 | 0.526 0.558 | 1.084 
Petioles, Control 10.24 0.767 2.753 0.565 oe 

Blades, Treated ... 10.95 0.500 | 0.484 

Petioles, Treated 9.94 1.062 2.391 
Blades and Petioles, Control§ | 10.97 0.487 1.710 0.633 | 2.343 

Blades and Petioles, Treated§ 10.27 0.672 1.402 
Blades and Petioles, Control§ 8.30 0.359 1.549 0.442 1.991 
Blades and Petioles, Treated§ 8.34 0.759 1.158 0.478 1.636 
Blades and Petioles, Control§ 10.39 1.376 | 2.482 0.518 3.000 
Blades and Petioles, Treated§ 11.63 1.918 1.640 0.634 2.274 


* Plants heavily fertilized. 

t Caleulated and corrected to the exact dry weight ratio from the values for the above. 

t Determined from a mixture of equal amounts of blades and petioles; values then 
corrected to the exact dry weight ratio of blades to petioles. 

§ Determined from 100 grams of ground blades and petioles. 
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ence of 20 per cent. carbon dioxide. The blades and petioles were separated 
after a 2-hour treatment and analyzed separately. The results obtained are 
shown in table VI. From these data it is evident that the glutamine and 
the asparagine content in the blades and petioles is vastly different. Cal- 
culations also show that 80, 85, and 84 per cent., respectively, of the total 
glutamine-amide nitrogen in the blades and petioles are found in the 
petioles. 

The nitrogen changes at 20 per cent. carbon dioxide in the blades, in 
these experiments, also confirm those shown in table ITI. 

The difference between the results given in table V and those in table 
VI corresponds to the difference in nutritional levels between the two lots 
of plants involved. When whole leaves of the unfertilized beets were treated 
with 20 per cent. carbon dioxide and then analyzed, a striking increase in 
glutamine-amide nitrogen over the amount in the untreated leaves was 
found (table V). Conversely, when whole leaves of the heavily fertilized 
beets were similarly treated and analyzed a decrease in the glutamine- 
amide nitrogen from that in the controls was noted (table VI). Further 
study of the two tables reveals that in the unfertilized plants the untreated 
leaves contained only about one-third as much glutamine-amide nitrogen as 
did the untreated leaves of the fertilized plants; also that with leaves low in 
glutamine-amide nitrogen the amount of it was strikingly increased by the 
earbon dioxide treatment, whereas with leaves high in this constituent the 
amount was decreased by the carbon dioxide. 


Discussion 


The reactions occurring in beet-leaf extracts on standing appear to be 
similar to those produced in the blades by the higher concentrations of car- 
bon dioxide. There appear to be at least two hydrolytic reactions occurring 
in beet plant extracts (when allowed to stand) and in the cell sap of beet 
leaves when the leaves are exposed to high concentrations of carbon dioxide. 
The first reaction, which may be responsible for the observed increase in 
ammonia nitrogen, appears to be mainly the hydrolysis of glutamine. There 
is evidence that asparagine may also be slowly hydrolyzed to yield ammonia 
in blade extracts when allowed to stand for a period of 24 hours. A con- 
sistent decrease in asparagine-amide nitrogen was noted when blades were 
subjected to 20 and 40 per cent. carbon dioxide. That asparagine is slowly 
hydrolyzed to yield ammonia is further supported by the fact that the de- 
crease in glutamine-amide nitrogen does not fully account for the gain in 
ammonia. 

The hydrolysis of glutamine and the small amount of ammonia that may 
come from the slow breakdown of asparagine does not account for all the 
increase in ammonia nitrogen when the plants are exposed to concentra- 
tions of carbon dioxide greater than 40 per cent. 
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The second hydrolytic reaction apparently involves substances more 
complex than amides. These substances, probably peptides (or other simi- 
lar substances) are hydrolyzed to yield nitrogen which is determined as 
asparagine-amide and glutamine-amide nitrogen. This reaction may yield 
sufficient ammonia to account for the excess ammonia not coming from the 
breakdown of glutamine and asparagine. If the substance is a peptide and 
contains only asparagine, then the ammonia not accounted for by the loss 
in glutamine would come from the hydrolysis of asparagine. The rate of 
hydrolysis of asparagine would, however, be much slower than that of the 
peptide to account for the net increase in asparagine. If, however, the 
peptide contains both glutamine and asparagine, then the glutamine pres- 
ent must be hydrolyzed to form glutamic acid and ammonia faster than the 
peptide is broken down to yield glutamine to account for the net decrease 
in glutamine-amide nitrogen. This would account for all the ammonia and 
the increase in asparagine-amide nitrogen. 

The distribution and amount of certain nitrogen fractions in normal 
blades and petioles may help to explain certain changes effected in the 
beets when treated with carbon dioxide. The asparagine-amide nitrogen 
appears to be nearly evenly distributed between the blades and petioles. 
On the other hand the glutamine-amide nitrogen and other nitrogen con- 
stituents (probably peptides) which yield glutamine-amide nitrogen on 
earbon dioxide treatment are more abundant in the petiole. In the case 
where an increase in glutamine-amide nitrogen was observed (unfertilized 
blades and petioles treated with 20 per cent. carbon dioxide, table V), the 
breakdown of the peptide to form glutamine was faster than the hydrolysis 
of glutamine-amide nitrogen to ammonia. 

It appears that the chemical changes occurring in plants treated with 
carbon dioxide may be influenced by the nitrogen nutritional levels at 
which the plants were maintained. In all cases where the plants were 
heavily fertilized, a decrease in glutamine-amide nitrogen was noted on 
carbon dioxide treatment. However, in those experiments (table V) in 
which the plants had not been fertilized, an increase in glutamine-amide 
nitrogen was obtained. The experiments indicate that under conditions of 
low nitrogen fertilization the glutamine may be stored in the plants as 
soluble peptides and that upon carbon dioxide treatment these peptides 
may be rapidly hydrolyzed, which would result in the observed increase in 
glutamine-amide nitrogen. 

There is evidence (3) to show that even 100 per cent. carbon dioxide for 
such short periods as 90 minutes apparently did not seriously affect the 
normal respiratory processes of the plants. Those tests showed that the 
expressed cell sap of plants exposed to this concentration of carbon dioxide 
for one hour increased in pH as did the sap of plants exposed to only 20 
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per cent. However, when they were exposed for 4 or 5 hours to 100 per 
cent. carbon dioxide the pH of the cell sap decreased. This indicates that 
with long periods in an atmosphere of carbon dioxide the oxygen tension 
within cells may be lowered to a point where anaerobic processes are initi- 
ated. Smrru (9) studied the absorption of carbon dioxide of unilluminated 
leaves and found that the absorption by living leaves was very rapid, ten 
minutes being sufficient for complete saturation. Practically all of the 
earbon dioxide was absorbed by the water in the leaves. The water in the 
leaves was found to absorb carbon dioxide in proportion to the amount of 
water present and in proportion to the partial pressure of the carbon dioxide. 
It is generally known that the intensity of respiration in many plants is not 
markedly changed when the oxygen supply is reduced to one-half that in 
air. In facet, Sticu (10) claims that the absorption of oxygen becomes 
insufficient for most plants when the concentration in air falls below 5 to 8 
per cent. From these considerations it would appear that oxygen concen- 
tration in the intercellular spaces would not be so seriously affected that 
normal respiration could not proceed during the 90 minutes the plants were 
exposed to an atmosphere of carbon dioxide. 

Vickery et al. (11) compared the composition of fresh extracts of leaves 
and stems of tomatoes to tissue dried at temperatures ranging from 70° to 
90° C. These investigators pointed out that the agreement between the 
values (table VI, p. 2717) obtained for the leaf tissue was satisfactory, and 
somewhat less satisfactory for the stem tissue. It appears from their data 
that even during the short drying period there was a tendeney for an 
increase in ammonia and asparagine-amide nitrogen and a slight decrease 
in glutamine-amide nitrogen. For example, some of their data show that 
drying the leaf tissue at 80° C. for one hour resulted in an inerease of 
approximately 22 per cent. in ammonia, 14 per cent. in asparagine-amide 
nitrogen, and a decrease in glutamine-amide nitrogen of approximately 3 
per cent. It is quite possible that these differences may be significant, for 
these changes are in the same direction as that when beet-leaf extracts were 
allowed to stand for a period of 48 hours at room temperature before analysis 
as reported in the present paper. 

It has long been a question in the nitrogen metabolism of plants as to 
whether a compound is synthesized in a certain tissue or whether its presence 
is a result of translocation. The fact that the beet leaf rapidly hydrolyzes 
the amide group of glutamime and asparagine while under the influence of 
high concentrations of carbon dioxide and reverses the process when placed 
in a normal atmosphere indicates that the leaves are capable of synthesizing 
these compounds. CHIBNALL [(1) p. 205] using an infiltration technique 
showed that glutamine is formed in the blades of rye grass by the dehydra- 
tion of ammonium glutaminate. Vickery (13) has demonstrated that the 
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same reaction takes place in the roots of the beet plant. It is possible that 
the formation of glutamine and asparagine from the ammonium ion and the 
corresponding amino acids is a reaction common to the leaves of many plants. 
This is supported by the fact that ten other species of plants (3) produced 
hydroxy] ions in the presence of high concentrations of carbon dioxide, pre- 
sumably by the hydrolysis of the amide group of glutamine and asparagine. 

It is recognized that the general process of ammonia detoxification in- 
volves the complex process of respiration and the formation of organic acids 
from which the amino acids and finally the amides are formed. In view of 
the rapid rate at which the plant is able to synthesize glutamine and aspara- 
gine from ammonia and the corresponding amino acids and reverse the 
process, it appears that the reactions limiting the rate of ammonia detoxifi- 
cation in the plant may be those involving the synthesis of the organic and 
the amino acids. 

Summary 


1. Asparagine-amide nitrogen and ammonia increased in beet-leaf ex- 
tracts when heated to 80° C., filtered, and allowed to stand, while the 
glutamine-amide nitrogen decreased. 

2. No significant change in the nitrogen fractions occurred when the 
aliquots were allowed to stand for a period of 48 hours, provided the hydro- 
gen ion concentration was increased from pH 5.9 to 4.5. 

3. A large increase in ammonia resulted when the blades of beet leaves 
were exposed to 20 and 40 per cent. carbon dioxide. This increase in 
ammonia could be accounted for by the decrease in asparagine-amide and 
glutamine-amide nitrogen. 

4. When the blades were exposed to 80 and 100 per cent. carbon dioxide 
there was a significant increase in soluble nitrogen, a large increase in 
ammonia and asparagine-amide nitrogen and a decrease in glutamine-amide 
nitrogen. 

5. When whole leaves were treated with 20 per cent. carbon dioxide and 
the petioles only were analyzed, there was an increase in ammonia and 
asparagine-amide nitrogen and a decrease in glutamine-nitrogen. 

6. The asparagine-amide nitrogen appeared to be distributed nearly 
evenly between the petioles and blades, while the glutamine-amide nitrogen 
was concentrated in the petioles. 

7. The degree of nitrogen fertilization of beet plants apparently has an 
important bearing on their glutamine and asparagine metabolism while 
under the influence of high concentrations of carbon dioxide. The leaves 
of heavily fertilized plants responded to a 20 per cent. carbon dioxide treat- 
ment by showing a decrease in glutamine-amide nitrogen, while the leaves 
of unfertilized plants responded with an increase in glutamine-amide nitro- 


gen. 
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8. Complex soluble substances (probably peptides) were hydrolyzed in 
the plant, while under the influence of high concentrations of carbon dioxide, 
yielding asparagine-amide nitrogen and under certain conditions glutamine- 
amide nitrogen. 
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SELECTIVE ABSORPTION OF CATIONS BY HIGHER PLANTS 


RuNAR COLLANDER 


(WITH THREE FIGURES ) 


Introduction 


For about a hundred years it has been known that plants do not absorb 
the different constituents of a nutrient solution in the same proportions as 
they occur in the solution; some salts or ions are taken up in relatively 
greater amounts than others. The mechanism of this salt selection exerted 
by the roots is, however, still quite obscure. It seems that one of the first 
steps towards an understanding of this important process should be a careful 
study of its results. A close examination of the proportions in which sev- 
eral kinds of ions are absorbed from nutrient solutions of known composi- 
tion by different plant species should serve as a starting point for attempts 
to elucidate this process. This information, however, is still lacking. We 
have known, until now, very little about the proportions in which different 
ions are absorbed from nutrient solutions, of easily determinable composi- 
tion, which contain the ions to be investigated in equivalent amounts. 

It is the purpose of the present investigation to present such experimental 
data in suitable form to serve as the basis for a discussion of the nature of 
the selective activity of the roots of higher plants. To this end plants of a 
number of species have been cultivated in nutrient solutions containing sev- 
eral cations in equivalent amounts, after which the cation composition of 
the plants was determined by the method of quantitative spectral analysis. 
The study was thus limited to cations. Since they are less engaged in the 
metabolism of the plants the cations seem, in fact, more suitable for such 
studies than most anions. 

A preliminary account of some results of this investigation has already 
been published (7). 

Materials and methods 


In order to get a satisfactory idea of the range of variation exhibited by 
different types of plants in their cation selectivity it was found necessary to 
extend this investigation to some twenty plant species among the phanero- 
gams representing different ecological types and several taxonomical groups. 
The following species were studied: Aster tripolium, Atriplex hortense, A. 
litorale, Avena sativa, Chenopodium bonus Henricus, Fagopyrum esculen- 
tum, Helianthus annuus, Lactuca sativa, Melilotus albus, Nicotiana tabacum, 
Papaver somniferum, Pisum sativum, Plantago lanceolata, P. maritima, 
Salicornia herbacea, Salsola kali, Sinapis alba, Solanum lycopersicum, Spin- 
acia oleracea, Vicia sativa, and Zea mays. 
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The plants were mostly cultivated in large enamel vessels, each contain- 
ing 50 liters of nutrient solution. The vessels were covered with loosely 
fitting covers of plywood thoroughly impregnated with paraffin. The covers 
were perforated with numerous holes in which the seedlings were fixed 
with cotton-wool. It was thus possible to cultivate about 10 to 20 species in 
the same vessel under almost exactly identical conditions. The seedlings 
were obtained by germinating seeds in pure silica sand moistened with 
tap water of very low salt content. Analyses of the seedlings showed that 
their salt content, when they were planted in the culture vessel, was neg- 
ligible as compared with the quantities of salt absorbed during their subse- 
quent growth. The plants were cultivated in a greenhouse, the temperature 
of which fluctuated between about 18° and 25° C. The air in this green- 
house was pronouncedly dry ; the transpiration of the plants must have been 
considerable. In most cases the seeds were sown at the end of Mareh and 
the plants harvested about two months later when some of the plants 
(Pisum) were in bloom. Most of the species, moreover, did not develop 
flowers. Culture solutions were artificially aerated only in experiments 
with the solutions IV and V; in these cases the air was forced through 
filters of sintered glass. <A distinct effect of the aeration on the development 
of the plants could not be detected. 

As far as possible the culture solutions contained the cations to be com- 
pared in equivalent amounts and also those other ions necessary for the 
normal development of the plants. The solutions were prepared with glass- 
distilled water; only for solution I was tap water used. In the following 
list the salt concentrations are indicated as milligram equivalents per liter 
of solution. 

Solution I: 4 NaNO, - 4 KH.PO, +4 MgSO, - 4 CaCl, (+ about 0.001 Sr 
as impurity). 

Solution II: 2 NaNO,+2 KH.PO,+2 RbCl+ 2 MgeSO,+2 Ca(NO,). 
0.01 LiCl + 0.01 MnCl, + an unknown amount of Sr.’ 

Solution IIT: 4 KH.PO, + 4 MgSO, + 4 Ca(NO,),. + 0.01 LiCl + 0.01 NaCl 
+ 0.01 SrCl, + 0.01 MnCl... 

Solution IV: 2 KNO, - 2 KH.PO, + 0.4 LiCl - 0.4 NaCl + 0.4 MgSO, + 0.4 
CaCl... 

Solution V: 2 NaNO, +2 KH.PO, + 0.2 MgSO, + 0.2 CaCl, + 0.2 SrCl. 
0.1 RbCl + 0.1 CsCl. 

Solution VI: 2 KH.PO, ~ 2 Ca (NO,).- 2 MgSO, + 0.05 NaCl + 0.05 SrCl, 

- 0.05 MnCl, + 0.05 CuS0,. 


1 In preparing solution IT, 0.0005 milligram equivalents SrCl, per liter of solution was 
intentionally added; the Ca salt used probably contained some Sr, thus the final Sr eon- 
centration of the solution is not known with certainty. A speetrographie determination of 
it was regrettably neglected. 
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To each solution was added some ferro-ammonium sulphate or ferro- 
tartrate and also a little of the ‘‘A—Z”’ salt solution of HoAGLANp, as quoted 
by ScHropr and Scuarrer (20). The solutions were changed only once 
during the course of each experiment; distilled water was added when nee- 
essary and also some iron salt. At the end of most experiments the nutrient 
solutions were analyzed spectroscopically and also samples of the initial 
solution. A marked decrease of the concentrations of the cations most 
strongly absorbed (K, Rb, Mg, Ca, Sr) was sometimes observed. It is 
doubtful, however, if this factor greatly influenced the results obtained. At 
any rate, it must have affected all of the plants in a similar fashion, and it 
would only tend to diminish somewhat the observed difference between the 
abundantly and scantily absorbed cations. 

Solution I was used in order to compare, in a preliminary way, the ab- 
sorption of Na, K, Mg, and Ca; solution II for comparisons of Na, K, Rb, 
Mg, and Ca; solution IIT served to compare, on the one hand, K, Mg, and Ca 
with each other and, on the other, Na, Sr, and Mn. The amounts of Li taken 
up from this and also from the other solutions referred to were too small for 
reliable determination. Solution IV was used for comparisons between Li, 
Na, Mg, and Ca. The main purpose of solution V was to compare the ac- 
cumulation of Cs with that of Rb, and of Sr with that of Ca, though the 
same solution makes possible also comparisons between Na and K, or Mg and 
Ca. Solution VI served only to compare the absorption of Cu with that of 
Sr and Mn. Besides the solutions mentioned above, some other culture 
solutions were used for special purposes. 

An investigation of this type is made possible only by the use of quick 
analytical methods by which the amounts of several cations absorbed by the 
experimental plants may be determined quantitatively within a reasonable 
time. In this respect the methods of quantitative spectral analysis are 
clearly superior to the methods of ordinary chemical analysis. In this in- 
vestigation only the technique of flame spectrography developed by LUNDE- 
GaArpH (15) was used. It permitted the determination, without difficulty, of 
ten different cations: Li, Na, K, Rb, Cs, Mg, Ca, Sr, Mn, and Cu. 

When harvested, the plants were first weighed and then dried at about 
105° C. and weighed again. They were then ashed with concentrated nitric 
acid and perhydrol in small Kjeldahl flasks (capacity 50 ml.) of Jena 
glassware or quartz. (Control experiments showed that the amounts of Na, 
K, Ca, ete., given off by the glass of the Kjeldahl flasks are practically neg- 
ligible.) The resulting acid ash solution was diluted with distilled water in 
a volumetric flask of 10- or 25-ml. capacity after which the insoluble SiO, 
was filtered off. The filtered solutions were stored in small flasks of Jena 
glassware until used for spectroscopic analysis. 


The magnitude of the analytical errors depends on several factors, which 
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in our determinations were not always constant. The accuracy of the analyses 
therefore, cannot be generally stated by exact figures. It is, however, 
possible to get an approximate idea of the joint effect of the analytical errors 
and of the individual variability of the plants by comparing the analyti- 
eal results from several specimens of the same plant species simultaneously 
cultivated in the same solution. Two such cases are reported in tables I 
and II. From them it is clear that a high degree of accuracy cannot be 


TABLE I 


ANALYSES OF FOUR SPECIMENS (A, B, C, D) oF NICOTIANA CULTIVATED IN SOLUTION IV, 
MILLIGRAM EQUIVALENTS PER KILOGRAM OF DRIED PLANT SUBSTANCE 


SPECIMEN Li NA K Mca CA Mwy 
A 101 20 475 ROO 
B 95 20) 1700 510 605 5.0 
Cc 109 3 1960 590 660 5.2 
D 100 27 1800 530 635 6.1 
Mean 101 25 1820 540 700 5.4 


TABLE II 


ANALYSES OF FOUR SPECIMENS (A, B, C, D) or SINAPIS CULTIVATED IN SOLUTION V. MILLI- 
GRAM EQUIVALENTS PER KILOGRAM OF DRIED PLANT SUBSTANCE 


SPECIMEN Na K | RB Cs Me Ca Sr 
A 430 1700 77 92 500 540 340 
B 590 1420 88 91 440 640 540 
Cc R50 1340 77 RG 610 70 505 
D 590 1560 91 96 560 660 550 
Mean 615 1510 83 91 520 640 480 


claimed. All conclusions from the analytical data obtained must thus be 
drawn -with due allowance for the variability of the plant material as well 
as considerable analytical errors. Nevertheless, as will be seen from the 
following sections, several distinct rules concerning cation absorption by the 
plants studied can certainly be established. 

In many eases the roots of the plants grown in the same culture vessel 
were found to be so interwoven with each other that it would have been very 
difficult to disentangle them. In such cases one had to analyze the plants 
without roots. It may thus be questioned whether the data obtained in this 
manner are at all representative of the total cation content of the plant and 
henee of its cation selectivity. In order to answer this question some 


analyses of detached roots and shoots were made. These showed, in agree- 


ment with the corresponding results of Burstrém (5), that: the equivalent 


percentages of K, Rb, and Cs were roughly the same in the roots as im the 


shoots : that the percen 


tages oI L , Ca, and Sr were lower in the roots than 
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in the shoots; and finally that the percentages of Mg, and especially those 
of Na, Mn, and Cu, were higher in the roots than in the shoots. Of the total 
cation content of the plant on the average only about .\y was found in the 
roots. From a closer examination of these data, which are not given here in 
detail, one may infer that analyses of the shoots alone give a rather satis- 
factory picture of the cation content of the entire plants except that the Na 
content is perhaps sometimes found to be slightly too small and that the 
Mn and Cu contents may possibly be far too small. It seems possible, how- 
ever, that the major part of the last two mentioned cations has been in some 
way precipitated on the root surface or in the cell walls of the roots without 
being truly absorbed by the living parts of the plant. 

The culture experiments with solution I were performed in 1935; with 
solution II, partly in 1936 and partly in 1938; with solutions II], 1V, and V 
in 1937. Temperature, light, and other conditions were uncontrolled and, 
therefore, different in the different years. 


Analytical results 


The main body of analytical data is presented in tables III to VII. Some 
of the figures given represent the average of 2 to 4 samples analyzed. 

The analytical results were originally caleulated so as to indicate the 
cation content in milligram equivalents per kilogram dry weight of plant 
material. The figures calculated in this way are, of course, influenced by 
the varying accumulation of starch, cellulose, and other organic substances 
in the plant. In order to avoid this, most analytical data are here given in 
another form: the sum of equivalents of all cations found in one kilogram 
dry weight was calculated and the amount of each cation expressed as per- 
centage of this sum. In tables III to V, VII, and VIII all values for cations 
are expressed in this way. In tables VI and X this was not possible and the 
cation contents in these tables are therefore given as milligram equivalents 
per kilogram dry weight. In all tables under the head ‘‘total’’ the sum of 
the milligram equivalents found in one kilogram dry plant material is given, 
In each series the values for two plants with maximum cation content are 
printed with heavy faced type and those for two plants with minimum eation 
content are in italics. 


Specific differences concerning the cation selection 
THE MAGNITUDE AND SPECIFIC CHARACTER OF THE DIFFERENCES 
An inspection of tables III to VII reveals that the different species vary 
in their capacity for selective accumulation of cations; but it is also seen 


that the amplitude of the specific variations is very different in regard to 
the different cations. 


The greatest variations were met in the case of sodium. Thus, of the 
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plants cultivated in solution I (table IIL) the one richest in Na had a rela- 
tive Na content (percentage of total cations) 32 times greater than that of 
the plant poorest in Na. With solution II (table IV) an even greater differ- 
ence was encountered. The maximum Na percentage was 56 times greater 
than the minimum one. The corresponding ratios Nama: : Namin, were in the 
ease of the plants cultivated in solution III, 29 (table V); solution IV, 86 
(table VI) ; and solution V, 19 (table VII). It is easy to convince oneself 


TABLE III 


ANALYSES OF ENTIRE PLANTS CULTIVATED IN SOLUTION I 


EQUIVALENT PERCENTAGES t 


SPECIES 

Na K | Me Ca Sr Tora.t 
Atriplex hortense 19.7§ 39§ 31 10 0.0037 | 4790 
A. litorale 10.7 56 23 10 0.0058 4340 
Avena 3.7 73 14 5 0.0087 2040 
Fagopyrum 0.9 39 27 33 0.0107 3230 
Helianthus 2.3 54 17 27 0.0083 | 3020 
Nicotiana 4.0 51 24 21 0.0056 4440) 
Pisum 6.0 62 12 20 0.0080 2140 
Plantago lanceolata* 12.2 45 18 24 0.0101 3690 
P. maritima* 28.5 39 11 21 4370 
Solanum 4.1 44 25 27 0.0104 4290 
Spinacia 4.5 52 31 13 0.0061 6520 
Vicia 10.6 44 19 26 0.0105 2470 
Zea 2.9 70 16 1] 0.0052 2420 
Culture solution 25.0 25 25 25 0.0062 


* Both species of Plantago were cultivated in pure silica sand irrigated with solution I. 
Tops were used for analyses. 

+ The sum of equivalents of all cations found in one kilogram dry weight was ealeu- 
lated and the amount of each cation expressed as percentage of this sum. 

+ In all tables under the head ‘‘Total’’ the sum of the milligram-equivalents found 
in one kilogram dry plant material is given. 

§ In each series, the values for two plants with maximum cation content are printed 
with heavy faced type and those for two plants with minimum cation content are printed 
in italies. 


of the truly specific character of these variations. In spite of the facet that 


the culture experiment analyses were performed in different years, we see 


that certain plant species (Atripl xr hortense, A. litorale, Plantago maritima, 


Salicornia, Sinapis) are invariably characterized by a high Na content; 
certain other species (Fagopyrum, Zea, Helianthus) are as constantly dis- 
tinguished by a remarkably low Na content. These specific differences in 
the absorption of Na remain essentially unaltered irrespective of the fact 
that the Na content of the culture solution was in some experiments rather 
high (25 per cent. of the sum of all cation equivalents in solution I) and in 
others very low (only 0.08 per cent. for solution II] 

Towards the other alkali cations the different species behave much more 
uniformly. Thus, the highest relative potassium content of the plants 
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TABLE IV 


ANALYSES OF PLANTS (WITHOUT ROOTS) CULTIVATED IN SOLUTION IT 


SQUIVALENT PERCENTAGE 





SPECIES pen on 

NA K | Rp | Me | Ca Sr Mn | Toran 
ua -_ - 4 } } 4 . a 
Aster | 52 | 27 | 30 14. | 23 0.22 | 3060 
Atriplex hortense | 27.9 12 14 32 15 0.014 0.36 4900 
A. litorale | 10.3 11 20 31 28 0.018 0.36 5160 
Avena ier 25 41 15 14 0.018 0.44 2620 
Chenopodium |} 0.9 23 27 28 21 0.016 0.18 4390 
Fagopyrum 0.5 19 18 39 23 0.019 0.53 3320 
Helianthus | 07 24 29 21 25 | 0.021 | 0.39 | 3770 
Lactuca | 5.7 24 34 13 22 0.015 1.19 3620 
Melilotus | 8.4 22 25 19 25 0.22 2270 
Nicotiana | $3.5 28 28 22 19 0.024 0.07 3550 
Papaver | 5.4 25 37 18 16 0,014 | 0.15 | 2970 
Pisum 1.4 23 27 18 32 0.024 0.49 2150 
Plantago lanceolata | 6.9 22 30 19 22 0.025 0.12 3460 
P. maritima | 16.3 12 12 23 37 0.030 0.23 3130 
Salicornia | 12.5 11 13 50 14 0.016 | 0.04 | 8230 
Salsola 1.3 16 15 40 27 0.18 3540 
Sinapis 10.9 18 26 18 30 0.035 0.26 3650 
Solanum 3.5 15 22 25 33 0.022 0.51 3360 
Spinacia : 4.6 23 24 33 15 0.016 0.41 4860 
Vicia 8.6 22 28 16 25 0.021 0.57 2060 
Zea 0.7 31 28 29 13 0.29 2220 
Culture solution 20 20 20 20 20 t 0.10 











cultivated in solution I was only 1.9 times greater than the lowest one. 
In the plants cultivated in the other solutions the corresponding ratios 
(Kmax.: Kmin.) Were, respectively, 2.8 (solution II), 2.3 (solution IIT), and 
1.8 (solution V), ?.e., always of a quite different order of magnitude than 
in the ease of Na. It could now perhaps be supposed that the relative con- 
staney of the K content would be connected in some way with the fact that 


TABLE V 


ANALYSES OF PLANTS (WITHOUT ROOTS) CULTIVATED IN SOLUTION III 


EQUIVALENT PERCENTAGI 


SPECIES T 

NA K Ma Ca Sr MN TOTAL 
Atriplex hortense 2.31 47 32 18 0.054 0.37 4450 
A --na 0.32 75 16 8 0.025 0.58 2320 
b .gopyrum 0.08 32 42 24 0.073 0.46 3480 
Helianthus 0.09 45 25 29 0.083 0.68 4070 
Lactuca 0.38 69 13 16 0.040 0.89 2820 
Pisum 0.25 55 13 3 0.054 1.62 1540 
Plantago maritima 0.66 35 24 39 0.103 0.30 3690 
Solanum 0.21 45 26 29 0.070 0.11 4010 
Spinacia 0.14 55 32 13 0.026 0.37 5090 
Vicia 61 13 25 0.052 0.33 2120 
Culture solution 0.08 33 33 33 0.08 0.08 
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ANALYSES OF PLANTS (WITHOUT ROOTS) CULTIVATED IN SOLUTION IV. 


PLANT PHYSIOLOGY 


TABLE VI 


LENTS PER KILOGRAM OF DRY WEIGHT 


SPECIES 
Atriplex hortense 
Avena 
Fagopyrum 
Helianthus 
Melilotus 
Nicotiana 
Pisum 
Salsola 
Sinapis 
Vicia 


Zea 


LI NA 
103 475 
55 20 
49 16 
108 17 
75 21 
101 25 
50 29 
66 78 
100 140 
79 $3 
30 oO 


TABLE VII 





MILLIGRAM EQUIVA 


MG Ca 
>475 398 
280 170 
> 500 560 
>475 800 
450 625 
540 700 
250 245 
460 

>475 > 875 
315 365 
430 130 


ANALYSES OF PLANTS (WITHOUT ROOTS) CULTIVATED IN SOLUTION V 


SPECIES = 


Atriplex hortense 
Avena 
Fagopyrum 
Helianthus 
Melilotus 
Nicotiana 
Pisum 

Salsola 

Sinapis 

Vicia 

Zea 

Culture solution 


ANALYSES OF PLANTS 


SPECIES 
Na 
Atriplex 28.0 
Helianthus 0.1 
Nicotiana 0.1 
Pisum 0.4 


K is an element essential for plant growth while Na is unessential. 


EQUIVALENT PERCENTAGE 


K Rb Cs Mg 
37 1.6 1.0 27 
61 3.3 1.7 14 
37 1.6 1.0 24 
49 2.5 1.5 20 
47 2.1 2.0 13 
53 2.1 2.0 17 
56 3.3 2.5 12 
49 2.4 2.3 21 
38 2.1 2.3 13 
33 2.3 2.2 17 
67 3.1 2.1 15 
42 2.1 2.1 4.2 


TABLE VIII 


(WITHOUT ROOTS CULTIVATED IN SOIL 


EQUIVALENT PERCENTA 
Mg Ca 
35 24 13 
65 10 26 
46 10 43 
37 1] 53 


Ca | Sr | Toran 
5.7 3.9 5970 
10.9 5.4 2760 
21.2 13.7 4660 
14.8 10.5 3140 
19.2 13.3 4050 


10.5 10.3 4280 

12.6 11.4 1660 
12.7 8.7 5760 
15.7 12.2 3940 
8.6 7.3 2200 
6.4 5.0 2020 
4.2 4.2 


GE 


Sr TOTAL 
0.019 3300 
0.029 2930 
0.047 3030 
0.057 1730 


But that 


such an assumption would not be correct is shown by the fact that the ele- 


ments Rb and Cs, though as unessential as Na, nevertheless show about the 


same range in this respect as does K. 


Thus, the ratio Rb,,., : Rb.;,. was, for 
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the plants cultivated in solution II, 3.4, and in solution V, 2.1; whereas the 
ratio CSmax.: CSmin. Was found to be 2.5 in the case of the plants from solution 
V, which was the only solution containing this element. In spite of the fact 
that the differences in percentages of total base present as K, Rb, and Cs are 
relatively small it seems rather obvious that they are not merely due to 
analytical errors or accident ; an inspection of the analytical data shows that 
there are some species (Avena, Helianthus, Pisum,’ Spinacia, and Zea) 
which were always relatively rich in K, Rb, and Cs, while certain other spe- 
cies (Atriplex hortense, Plantago maritima, and Fagopyrum) were always 
found to be relatively poor in these elements. Such differences may there- 
fore be designated as specific, at least for the most part. 

In view of the old experience that there are certain “lithium plants’’ 
characterized by their great capacity to accumulate this element, one would 
perhaps expect a very large amplitude of variation in the absorption of this 
element, especially since the collection of plant species cultivated by us 
includes such a notorious lithium plant as Nicotiana. According to our 
experimental results, however, the variation of Li content is not excessive ; 
the maximum relative Li content is only 3.6 times greater than the minimum. 
It should, however, be noted that we have not had opportunity to observe 
the most extreme cases of Li accumulation ; according to TSCHERMAK (quoted 
by von LINsTow) there are plants (Cirsium) which accumulate Li to a dis- 
tinctly greater degree than does Nicotiana. 

The magnesium, calcium, and strontium contents also show a variability 
of moderate amplitude. Thus, the ratio Mgmoax.: M@min. Was in the case of 
the plants cultivated in solution I, 2.8; in solution II, 3.8; in solution IIT, 
3.2; and in solution V, 2.2. Though the Mg determinations, due to technical 
difficulties, were in general less accurate than perhaps any others, it is clear 
that these differences are, to a considerable extent, specific in their nature. 
Thus all Chenopodiacean plants (Atriplex, Spinacia, Salicornia, Salsola) 
and also Fagopyrum were always rich in this element; Pisum, Vicia, and 
Avena were, on the other hand, relatively poor in it. 

The ratio Camax.: Camin, Was respectively, 4.1 (plants cultivated in solu- 
tion I); 2.8 (solution II); 4.9 (solution IIT); 6.7 (solution IV); and 3.7 
(solution V). The variations of relative Sr content were of about the same 
magnitude. The ratio Sryax.: Stmin. Was 2.9 in the plants of solution I; 2.7 
in those of solution IT; 4.0 in those of solution IIT; and 3.5 in the plants of 
solution V. The specific character of these differences is rather obvious. 
Avena, Zea, and Spinacia are constantly low in both Ca and Sr; Fagopyrum, 
Plantago maritima, Helianthus, and Sinapis absorb these elements relatively 
copiously, 

2 The total cation content of Pisum (per unit of dry matter) was always rather low. 
Its absolute K content is, therefore, not very high (7, fig. 1) even when the relative per- 
centage of K is considerable. 
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It is thus evident that among the alkali and earth alkali cations Na is 
the cation which responds most to specific variations in the plants. This has, 
in fact, been observed already by vAN ITAuuie (13). In the cell sap of dif- 
ferent species of Characeae, Na was also found to show a wider amplitude 
of specific variation than the other cations studied (6). It is not at all clear, 
however, why even Na should behave in such a peculiar fashion. 

The manganese content of the plants also exhibits a high degree of 
variation. Thus the ratio Mnyax.: Mn,»in, amounts to 30 for plants eulti- 
vated in solution II and to 15 for plants in solution III; but contrary to all 
the elements so far discussed, the Mn content varies rather irregularly. The 
cause of these irregularities are not known with certainty. It seems con- 
ceivable, however, that it may be found in an occasional precipitation of 
some slightly soluble Mn compounds. It should also be noted that, due to 
the exceptionally high Mn content of many roots, the Mn absorption of the 
plants shows a very different aspect depending on whether the whole plant 
or only its aerial parts are analyzed. 

The total sum of cation equivalents per unit of dry matter is also a dis- 
tinetly specific character. Thus, for example, Atriplex, Salicornia, and 
Spinacia are invariably distinguished by an unusually great total of cation 
equivalents; Avena, Pisum, Vicia, and Zea, on the contrary, by a relatively 
small total. Since the first named plants are relatively high in water, how- 
ever, their cation concentrations would appear lower if the fresh weight or 
the water content of the plants was chosen as a basis for the calculation 
instead of their dry matter. 


THE SPECIFIC CATION SELECTION AS CORRELATED WITH THE ECOLOGICAL 
AND TAXONOMICAL CHARACTER OF THE PLANT 


As already mentioned, Salicornia herbacea, Plantago maritima, Atriplex 
hortense, and A. litorale are among the species found to absorb the greatest 
amount of Na. This indicates that there exists a positive correlation be- 
tween a strong absorption capacity for Na (or perhaps more correctly stated : 
a want of exclusion power against Na) on the one hand, and the halophytic 
character of the plant on the other. (A. hortense, though now a garden 
plant, was probably originally a halophyte). This rule is, however, not free 
from exceptions. Aster tripolium, though a typical halophyte, showed in 
our experiments a lower Na content than many non-halophytie plants; e.g., 
Sinapis alba, and Vicia sativa.’ On the other hand, the low Na content of 
Salsola kali apparently makes an exception ; the variety of Salsola cultivated 
by us turned out to be not the one which occurs on seashores but var. tenwi- 


3 It should, however, be mentioned that Aster has been until now cultivated only once, 


in an experimental work; its cation selection has not been as thoroughly studied as that 
of most other species. 
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folia which is known to oceur on landing places and rubbish heaps. It is 
thus no true halophyte. 

It has been known for a long time that halophytes when growing on their 
natural saline substrates contain much more Na and Cl than do glycophytes 
growing on their natural non-saline substrates. In more recent years it has 
also been shown that halophytes absorb more Cl even from non-saline soils 
than do glycophytes from the same soil (23). As far as the present writer 
is aware, however, it has not been definitely established until now (22) that 
halophytes, when several alkali cations are equally available, nevertheless 
absorb relatively much more Na than do glycophytes under the same con- 
ditions. Probably this specific lack of power to exclude Na ions is a charae- 
ter which in some way enables the halophytes to thrive on saline substrates 
not suited to requirements of the glycophytes. The relations between salt 
selection and halophytic character is the subject of other investigations in 
this laboratory and the question will not now be discussed. 

The data obtained in the present investigation are too incomplete to give 
a reliable picture of the correlation existing between the taxonomic position 
of a given plant species and the peculiarities of its cation selection. Only 
a few suggestions connected with this matter can be pointed out here. 

Perhaps the most striking observation of this kind is the remarkably high 
Mg content found in all Chenopodiacean plants analyzed, viz., Atriplex 
hortense, A, litorale, Chenopodium, Salicornia, Salsola, and Spinacia. On 
the other hand the high Na content which is characteristic of the Cheno- 
podiaceans (4) was lacking in the non-halophytic members of this family. 

Further, it could be pointed out that both of the Graminae analyzed 
(Avena and Zea) are characterized by their low Ca and Sr content, a feature 
already known (4). Also, the three Leguminosae studied (Melilotus, Pisum, 
and Vicia) show a general resemblance in their cation absorption although 
the absence of marked peculiarities makes it difficult to state this resemblance 
more positively. Finally, the two species of Atriplex show an obvious simi- 
larity in their cation selection. On the other hand the two species of 
Plantago studied could—in spite of some character common to both of 
them—easily be distinguished on account of their different selection alone. 


VALIDITY OF THE ABOVE MENTIONED RULES UNDER OTHER GROWTH 
CONDITIONS 


It has already been pointed out that in spite of the fact that culture 
experiments were performed during the course of several years and that the 
external conditions (temperature, ete.) were not constant, the specific dif- 
ferences in cation selection were essentially constant. Nevertheless, it seemed 
questionable if these specific characters would persist when the growth con- 
ditions were more profoundly changed; e.g., when the plants were grown 
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not in water culture, as in the experiments so far reported, but in ordinary 
soil. To test this question, four plant species (Atriplex hortense, Heli- 
anthus, Nicotiana, and Pisum) were cultivated in a pot filled with ordinary 
garden soil and watered with tap water. The results of the analyses are 
given in table VIII. It is easily seen that the four plant species, also when 
cultivated in soil, have maintained most of those cation selection peculiari- 
ties which we already know from the water culture experiments: 

1. The Na content exhibits a much greater degree of variability than 
that of any other cation studied. 

2. Atriplex is by far the richest in Na of the four species studied. 
The difference in this respect between Atriplex and the three 
other species is even markedly greater for plants cultivated in 
soil than for those grown in water culture. Atriplex contained 
about 200 to 300 times more Na than Helianthus and Nicotiana 
whereas corresponding difference in the water culture experi- 
ments was generally almost ten times smaller. 

3. Among the four plants studied, Atriplex had the smallest per- 

centage of K. 

Atriplex had by far the highest Mg percentage. 

Atriplex had distinctly the lowest Ca and Sr percentages. 

The Ca and Sr contents of the four plants varied in a strictly parallel 
manner. 

Atriplex had the highest, and Pisum the lowest, total equivalents of 
cations per unit of dry matter. 

As compared with these concordances between the results of the soil and 
the water culture experiments the discordances are relatively slight; the K 
percentage of Pisum in the soil culture was found to be unusually low and, 
above all, the Ca and Sr content of Helianthus in the soil eulture was 
decidedly too small as compared with that of the other plants. Discrepan- 
cies, especially as to elements like Ca and Sr, are in fact easily conceivable. 
These elements occur in the soil not only as constituents of the soil solution, 
but also in an adsorbed state and probably also as slightly soluble solid salts 
(CaCO,, ete.) ; the absorption of these salts is dependent on the chemical 


o> ON 


— 


disintegrating power of the roots which in water culture experiments plays 
no role at all. 

In this connection, some experiments carried out by other investigators 
deserve mention. NEwTon (16) grew six crop plants in a nutrient solution 
containing 4.7 milligram equivalents per liter of K, 4.6 of Mg, and 8.0 of Ca. 
Among the plant species studied were Helianthus annuus, Pisum sativum, 
and Zea mays. The difference between the cation contents of these plants 
was slight with the exception of Zea. It was found to contain 3.0 times less 
Ca than Pisum and 4.3 times less Ca than Helianthus. Our own results are 
quite in accord with these observations. 
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BERTRAND and GuHiTEscu (2) cultivated four plant species side by side 
in a garden. Among them were Avena sativa and Fagopyrum esculentum. 
It was found that Fagopyrum contained, per unit of dry matter, 1.5 times 
more K, 3.7 times more Mg, and 4.3 times more Ca (but 51 times less Na) 
than did Avena. For the sake of comparison it may be stated that of our 
plants cultivated in solution II, Fagopyrum contained almost as much K, 
3.3 times more Mg, and 2.1 times more Ca (but 7.2 times less Na) than did 
Avena. The general trend of the results in both experiments is thus un- 
doubtedly the same although the differences as to Na are decidedly more 
pronounced among the plants of BERTRAND and Guirescu than among ours. 

Finally, vAN ITALLIe (13) cultivated eight species of phanerogams in pots 
filled with three kinds of soil: (a), a poor sandy soil; (b), the same soil with 
some Na.SO, added; and (c), the first mentioned soil with Na,.SO, and 
K,SO, added. Among the plants studied were Avena sativa and Sinapis 
alba (white mustard). From the data given by vAN ITALLIE it may be caleu- 
lated that the plants contained approximately the relative cation percentages 
indicated in table IX. These figures show that Avena had absorbed about 
2 to 3 times less Na and Ca, but in most cases about twice as much K, as had 


TABLE IX 


APPROXIMATE CATION PERCENTAGES OF AVENA AND SINAPIS CULTIVATED BY VAN ITALLIE IN 
THREE DIFFERENT KINDS OF soIL (A, B, C) 


Na K Mg 
PLANT 
Bi C , B 


Avena o | ) 61 | 66 11 10 





Sinapis 28 | 41 | 14 14 


Sinapis; the Mg percentages were almost the same in both plants. On the 
other hand, in our own experiments with the solutions II and V (tables IV 
and VII), Avena had taken up 2 to 3 times less Na, about 2 times less Ca, 
about 14 to 2 times more K, and about as much Mg, as did Sinapis. The 
agreement between the principal results of VAN ITALLIE and ours is thus very 
good, 

Summing up the results of the above comparisons of plants cultivated 
under different conditions, we may conclude that the main differences in 
cation selection between our plant species grown in water culture are by no 
means restricted to the special conditions prevailing in our experiments. 
They are, at least to a considerable extent, of a general nature. On the other 
hand, it has been clearly demonstrated (21) that the external conditions do 
definitely affect the cation selection of higher plants. 
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Features common to the cation selectivity of all the plants studied 


From emphasis upon the differences between various plant species, we 
now put the question : which features are common to the cation selectivity of 
all the plants? 

CONSTANT RELATIONSHIPS BETWEEN CATIONS 


As a first constant feature we may point out the striking fact that all of 
our experimental plants absorb rubidium very nearly with the same rapidity 
as potassium, from a solution containing equivalent amounts of these cations. 
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Fie. 1. Equivalent percentage of Na, K, and Rb in plants cultivated in solution I] 
containing these cations in equivalent amounts. The plants are arranged according to 





increasing Na content. 


1. Fagopyrum 12. Papaver 

2. Zea 13. Lactuea 

3. Helianthus 14. Plantago lanceolata 

4, Chenopodium 15. Melilotus 

5. Salsola 16. Vicia 

6. Pisum 17. Atriplex litorale 

7. Nicotiana 18. Sinapis 

8. Solanum 19. Salicornia 

9. Spinacia 20. Plantago maritima j 
10. Avena 21. Atriplex hortense d 


11. Aster 
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This is clearly seen from table IV and figure 1. According to the results, 
the ratio Kapsorbea: RDansorbea Varies Only between the values 1.0: 1.88 (Atri- 
plex litorale) on the one side and 1.1: 1.0 (Fagopyrum, Salsola, Zea) on the 
other. It is not possible to decide from the data of table IV, whether the 
apparent variations of this ratio are real or perhaps due only to analytical 
errors. That the ratio between K and Rb absorbed is at least approximately 
constant is remarkable. 

In the experiment with solution V (table VII), which contained a 20 
times lower concentration of Rb than of K, the amounts of Rb taken up by 
the plants were all about 20 times smaller than the corresponding amounts 
of K. At first sight this seems strange since ions are generally taken up 
relatively more abundantly from dilute solutions than from those more con- 
centrated. An explanation of this result, however, will be given later in 
this paper. 

A second characteristic common to all of the plants studied is that they 
absorb cesium nearly as rapidly as rubidium, and thus also as rapidly as 
potassium (table VII). According to the analytical results the ratio 
RbDaysorvea: CSapsorbea Varies between 1.9:1.0 (Avena) on the one side and 
1.0: 1.1 (Sinapis) on the other; the average is about 1.3:1.0. In this case 
it is questionable whether the ratio in reality varies slightly or is constant. 

While the last three members of the alkali-metal series show such a close 
resemblance in their behavior towards the plants it is rather remarkable that 
between the first three members of this group (Li, Na, and K) no correlation 
can be detected; that is, apart from the fact that the plants richest in Na 
contain a slightly lower percentage of K than do most other species. 

A third characteristic common to all of the plants studied is that they 
take up strontium at almost the same rate as calcium ; the analytically deter- 
mined ratio Caapsorvea: STavsorvea Varies In the experiment with solution V 
(table VII) between 2.0:1.0 and 1.0:1.0. Again these variations do not 
exceed the limits of experimental error. 

If the nutrient solution contains Ca and Sr in different concentrations, 
each of these cations is taken up in amounts directly proportienal to the 
coneentration of that ion in the solution. The cation occurring in a lower 
concentration is thus in this case not absorbed relatively more abundantly. 
This is clearly seen from figure 2 which refers to the experiment carried out 
with solution III. This solution contained Sr in a concentration 400 times 
lower than the concentration of Ca and the graph shows that the amounts 
of Sr taken up by the plants are nearly exactly 400 times smaller than the 
amounts of Ca absorbed by the same plants. It is also striking to see how 
the Ca and Sr curves fluctuate in parallel. This indicates that the absorp- 
tion power of a given plant species for Sr is always proportional to the 
absorption power of the same species for Ca. The data obtained with solu- 
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1 2 3 4 5 a ¢ 
Fig. 2. Equivalent percentage of Mg, Ca, and Sr in plants cultivated in solution 


III containing, among other constituents, 4 milligram-equivalents of Mg and Ca and 
also 0.01 milligram-equivalents of Sr per liter. 


4 ft) 


The Sr percentages are represented 400 
times magnified. Plants are arranged according to increasing Mg content. 


1. Pisum 6. Helianthus 

2. Laectuea 7. Solanum 

3. Vicia 8. Spinacia 

4. Avena 9. Atriplex hortense 
5. Plantago maritima 10. Fagopyrum 


tions I, II, and IV would, if represented graphically, give very similar 
curves. In all cases the relative Mg content varies independently of the 
relative Ca and Sr content or at least nearly so.* 


QTHER CATIONS 


It might be conceivable that a given cation (A) would be absorbed by 
all plants in constant ratio to another—say five or ten times more slowly than 
another cation (B). Such a case would in itself not be more surprising 
than our finding that Rb and Cs are, in all plant species studied, absorbed 
with almost the same rapidity as K, or that Sr is taken up by all plants 
almost as rapidly as Ca. It is, therefore, a remarkable and rather unex- 
pected fact that those ionic ratios, which are constant for different plants, 
are equal to, or at least approximate to, unity; «.¢., the above named ratios 
K.neorbea 2 PeDabsordea: CSansorbea ANA Cagnsorbea: STabs seem to be the only 
ones that are independent of the specific nature of the plant. All other ionic 
ratios which deviate from unity are also very variable from species to spe- 
cies. The explanation is not quite clear, but perhaps it may be found in the 
assumption that the plants are unable to ‘‘distinguish’’ between K, Rb, and 


Cs and also between Ca and Sr. 


4In a preliminary account (7) it was « 


tion between the Mg and Ca contents, although some except s wel bvious. This staté 
ment was based on a comparison of the absolute Mg i ¢ i s which show. in fact, 
a rough parallelism. This parallelism is, however, mai attributable to the faet that 


there are some plants which are poor in salts 
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The variation in most ionic absorption ratios from species to species 
is so great that it is impossible to arrange even the four cations most 
closely studied (Na, K, Mg, and Ca) in a constant series according to de- 
creasing absorption. Thus in table III the series K > Ca > Mg > Na, 
and K > Mg > Ca > Na both occur in several plants; but also the series 
K > Mg > Na > Ca (Atriplex), and K > Na > Ca > Mg (Plantago mari- 
tima have been encountered. Table IV shows an even more complex situ- 
ation: from solution II sometimes K or Rb, sometimes Me, sometimes Ca, and 
sometimes even Na is taken up most copiously ; in solution II, however, just 
as in solution I, the cations Na, K, Mg, Ca, and also Rb occur in equivalent 
amounts. This striking difference between the behavior of the plants in 
solution I and I] seems to be due to a peculiar kind of mutual competition 
between K and Rb ions; this will be more closely examined later. These 
interactions between different cations make it still more difficult, of course, 
to put forth any series of general applicability for cation absorption. 

In spite of these complications we shall now try to find from the analyti- 
cal data contained in tables III to VII some more or less general rules con- 
cerning the absorption of the different cations. In doing this we restrict our 
comparisons to those cations which are present, in the same culture solution, 
in equivalent concentrations. 

LirniuM.—Earlier literature statements (4, 14) about ‘‘lithium plants’’ 
easily give the impression that this element would be accumulated to a very 
high degree by some plants. As far as I am aware there are, however, no 
previous culture experiments carried out with solutions of known Li concen- 
trations which permit a quantitative estimation of the actual Li aceumu- 
lation by any plant. The experimental results obtained in the present 
investigation show that, although different plant species behave differently 
towards Li ions, this element always belongs to those which are absorbed in 
relatively small amounts. Thus the eleven plant species cultivated in solu- 
tion IV (table VI) which contained Li, Na, Mg, and Ca in equivalent 
amounts all absorbed much less Li than either Me or Ca; and thus also much 
less K or Rb. Remarkably enough this is even true of such a typical (though 
not extreme) lithium plant as Nicotiana. On the other hand, the majority 
of the new plant species studied took up somewhat more Li than Na. 

It is conceivable that Li would be accumulated to a relatively greater 
extent when present in very low concentration in the nutrient solution. 
Even in this case, however, the accumulation is apparently moderate since 
all of the plants cultivated in solution I were found to contain more Mn than 
Li, with the single exception of Nicotiana which had absorbed about twice 
as much Li as Mn. This solution contained about 0.005 milligram equiva- 
lents of Li and Mn per liter in addition to other ions. 

SopruM.—As previously pointed out, the extent to which this element is 
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absorbed varies very much depending upon the specific nature of the plant 
in question. Nevertheless, Na seems to be the one least absorbed of all the 
cations studied or, in other words, the one most perfectly exeluded. Per- 
haps the most striking example of the exclusion of Na is afforded by Fago- 
pyrum cultivated in solution V (table VII). From this solution (contain- 
ing in addition to other ions, 2 milligram equivalents of Na and K, and 0.2 
milligram-equivalents Mg and Ca) Fagopyrum was found to have taken up 
about 90 times less Na than K, and about 5 to 6 times less Na than Mg or Ca. 

Na is in most cases absorbed less, often much more, than K, Rb, Ca, Mg, 
Ca, and Sr.° In many eases the absorption of Na is even less than that of 
Li or Mn. 

POTASSIUM AND RUBIDIUM.—These two cations are, in most eases, more 
easily absorbed than any others. Thus, if Rb is not present, K is nearly 
always® taken up in greater amounts than any other cation studied (tables 
III, V). Even when the absorption of K is suppressed by the presence of 
an equal amount of Rb (solution I1), no other cations are accumulated much 
more than K and Rb. 

CEstUM.—This cation seems to be absorbed almost as easily as Rb and 
thus about as easily as K. 

MAGNESIUM, CALCIUM, AND STRONTIUM.—Sr is absorbed, by all of the 
plants studied, almost as readily as Ca. Mg, on the other hand, is absorbed 
to concentrations 5 times as great by some species and by others only to con- 
centrations 4 of those of Ca and Sr. Generally speaking the alkaline earths 
are accumulated in quantities which amount to about 1/9 to 1/1 of the simul- 
taneously absorbed quantities of K (tables III, V) if the absorption of K is 
not suppressed by Rb. In the presence of an equivalent amount of Rb, how- 
ever, the alkaline earths are often taken up to even a greater degree than is K. 

MANGANESE.—The plants cultivated in solution III, which contained 
equivalent amounts of Mn and Sr, were always found to have absorbed dis- 
tinetly more Mn than Sr; the amounts of Mn found in the shoots for the most 
part surpass their Sr content by about 10 to 20 times (table V). In spite of 
this, it seems very questionable whether it would be justifiable to conelude 
that Mn is in general more easily absorbed than Sr. It should be noted that 
in the above experiment the absorption of Sr has probably been strongly sup- 

5 From solution III (see table V) containin 


ry Na and Sr in equivalent amounts, Na 


_ 


was taken up as copiously or in most cases even more copiously than Sr, but this result is 
probably due to the ‘‘antagonistic’’ effect of Ca. This element oceurs in the culture 
solution in a concentration 400 times higher than that of Sr and thus may be able to sup- 


press the absorption of Sr very strongly. 


6 The only exception from this rule is Fagopyrum which, when cultivated in solution 
I1I, contains a little more Mg than K (table V). In view of the relatively low aceuracy 
of the Mg determinations it is, however, questionable whether this single exception is a 


real one. 
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pressed by the Ca ions, the concentration of which in the culture solution ITI 
was 400 times higher than that of the Sr ions. 

A comparison of the quantities of Mn and Na absorbed from solution III 
is probably more justifiable. The ratio Mnaysorvea: N@avsorbea Varies between 
about 8:1 (Helianthus) and 1:6 (Atriplex). This indicates that on the 
average Mn is taken up to about as small a degree as is Na. 

Finally, it should be stressed once more that the roots contain relatively 
large quantities of Mn which have been left out of account in the above con- 
siderations. If the Mn content of the roots is included, the absorption of Mn 
appears considerably greater. 

CopprEeR.—Cu is an example of a heavy metal which in very low concentra- 
tions can easily be determined in the flame spectrum. A culture experiment 
was started with solution VI containing besides other ions, Cu, Mn, and Sr in 
equivalent amounts (0.05 milligram-equivalents per liter). From the re- 
sults given in table X it is clear that the amounts of Cu transferred from the 
roots to the upper parts of the plant are very small; in fact, considerably 


TABLE X 
Cu, Mn, AND Sr CONTENT OF (A) ROOTS AND (B) AERIAL PARTS OF PLANTS CULTIVATED IN 
SOLUTION VI. THE CATION CONTENTS ARE EXPRESSED AS MILLIGRAM EQUIVA- 
LENTS PER KILOGRAM DRY WEIGHT 


Cu Mn Sr 
SPECIES z 
| \ B A B \ B 
Avena 100 <3.8 13 19 6 s 
Helianthus 20 3.8 5 18 3 10 


Pisum 190 <3.8 >175 15 14 8 
smaller than the corresponding amounts of Mn and Sr. In the roots, on the 
other hand, great amounts of Cu were found. It is questionable, however, 
whether these quantities were really absorbed by living cells or only precipi- 
tated on or in the cell walls of the roots. 


CATION ABSORPTION SERIES 

After this review of the absorption of single cations we may suitably 
return to the question of the arrangement of the cations studied in a series, 
according to decreasing absorption by the plants. It was pointed out that it 
is not possible to put forth such a single series valid for all of the plant species 
studied. If we, however, intentionally leave the less frequent types of cation 
selection out of account, it is possible to lay down a cation series roughly valid 
for some sort of average plant type. This series, which is here given only 
with explicit reservation for its limited validity, may be written as follows: 


Me Li 
Rb, K, Cs > Ca. Sr > Na 
7 Mn 
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Elements separated by a comma differ only slightly from each other as to 
their absorption. On the other hand, the symbols written above one another 
indicate elements the relative absorption of which is subject to variations 
so great that it would seem too arbitrary to give precedence to one of them. 

The present writer knows no other experiments in which higher plants 
have been cultivated in solutions containing a considerable number of cations 
in equivalent concentrations and in which the amounts of different cations 
absorbed by the plants have been determined. It is, therefore, scarcely 
possible to compare the results arrived at in this investigation with the 
results of previous work by other investigators. Only in passing it may be 
pointed out that the above cation series agrees approximately, but not 
wholly, with that obtained in cultivating the alga Tolypellopsis stelligera in 
a nutrient solution, containing several cations in equivalent amounts (8). 
The eation series referring to Tolypellopsis is K > Rb > Ca > Na, Li. The 
only difference is that the alga absorbs somewhat less Rb than K. Another 
Characean alga, Nitella clavata, studied by HOAGLAND anp Davis (10) 
yielded the series K > Na > Ca > Mg. This cation series differs somewhat 
more from the series valid for the majority of phanerogams but coincides 
with that found in our experiments with Plantago maritima, 


Some interactions between different cations in absorption 


No attempt will be made here to discuss the intricate question regarding 
effects exerted by some cations on the absorption of others. Only a re- 
stricted but striking aspect of this problem will be considered. 

It has already been shown that, in spite of the fact that the culture solu- 
tions I, II, and III all contained K, Ca, and Mg in equivalent amounts, all 
of the plants cultivated in solutions I and III absorbed distinctly more K 
than either Ca or Mg; the same plant species when cultivated in solution II 
were often found to contain more Mg or Ca than K. What is the cause of 
this apparent inconsistency? The most conspicuous difference between solu- 
tions I and III and solution II is that the first named solutions were free 
from Rb, while solution II contained as much Rb as K. It is possible, there- 
fore, to explain the experimental results by assuming that Rb ions when 
present in the culture solution exert a specific depressing effect on the absorp- 
tion of K ions. 

If the above interpretation is correct it seems rather natural to expect 
that a similar effect would be obtainable with another pair of physico- 
chemically allied cations (Ca and Sr). This is apparently the ease, as may 
be concluded from the following chain of comparisons. From the analytical 
data presented in table VII it is obvious that Sr is absorbed almost as readily 
as Ca; from table IV it may be concluded that by almost all of the plant 
species represented Ca is absorbed distinctly more than Na. Henee, it seems 
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logical to conclude that Sr should be taken up by most plant species at least 
as much as Na. Contrary to this view, however, table V shows that all of 
the plants cultivated in solution III (which contained Na and Sr in equiva- 
lent amounts) have taken up much less (about 10 times less) Sr than Na. 
This result is easily explained by the previous assumption that the Ca ions, 
being present in solution III in a concentration 400 times higher than the 
concentration of Sr, have strongly depressed the simultaneous absorption of 
Sr. 

In order to prove, once more, the above assumptions, the following experi- 
ments were carried out: A series of seven culture solutions (A to G) was 
prepared so comparisons could be drawn between selected pairs of cultures 
in which, with reference to any one of the 6 cations investigated, the concen- 
tration of one cation was varied by a tenfold change. Besides constant con- 
centrations of NH,NO, (2 milligram equivalents), MgSO, (0.2 milligram 
equivalents), Fe-tartrate, and the components of the ‘‘A—Z’’ solution of 
HOAGLAND, the solutions had the following cation composition with their 
anion contents held as constant as possible : 


CONCENTRATIONS EXPRESSED AS MILLIGRAM EQUIVALENTS PER LITER 
SOLUTION +—_______-___—_—. oe we 





Li NA K RB CA Sr 
a _ ——— — 1 4 4 + — - -_ 
A Pe 0.2 2.0 2.0 0.2 0.2 
B 2.0 2.0 2.0 0.2 0.2 
Cc 0.2 0.2 2.0 0.2 0.2 
D 0.2 2.0 0.2 0.2 0.2 
E } 2.0 2.0 2.0 0.2 0.2 
F 2.0 2.0 0.2 2.0 0.2 
G ve 2.0 2.0 0.2 0.2 0.02 


a | PUL: AES y aia 





Avena, Helianthus, and Pisum were cultivated in these solutions. 
Figure 3 shows graphically the amounts of K, Rb, and Sr absorbed by the 
plants. These amounts are expressed as milligram equivalents per kilogram 
dry matter. An inspection of the graphs reveals the following facts: The 
Rb content of the plants is not influenced to any degree by variations of the 
Li, Na, Ca, and Sr concentrations of the culture solution; but a decrease of 
its K concentration from 2.0 to 0.2 milligram equivalents (solution D) 
causes a very conspicuous increase in the Rb absorption of all plants. As 
to the absorption of K, the result is correspondingly, though somewhat less, 
uniform ; the K content of the plants is also rather independent of the Li, 
Na, Ca, and Sr concentrations of the culture solution. When, however, the 
concentration of the Rb ions in the solution is raised from 0.2 to 2.0 milli- 
gram equivalents (solution E) it causes a distinct depression of the K ab- 
sorption in both Avena and Helianthus. This depression is, however, for 
some unknown reason not evident in Pisum. With regard to the modifica- 
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tion of the Sr absorption the three species studied again behave similarly : 
figure 3 shows that if the Ca concentration of the culture solution is raised 
from 0.2 to 2.0 milligram equivalents (and the Rb concentration simultane- 
ously lowered from 2.0 to 0.2 milligram equivalents) the plants take up about 
2 to 5 times less Sr. 

It is thus evident that the absorption of Rb is more strongly depressed 
by K ions than by any other cation the concentration of which was varied 
in the above experiment. Correspondingly, the absorption of K is more 
strongly depressed by Rb ions than by any other cation studied. Finally, 
the absorption of Sr is suppressed more strongly by Ca ions than by any 





Sr 


x 
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Fie. 3. K, Rb, and Sr content of Avena, Helianthus, and Pisum cultivated in the 
solutions A to G. The ordinates indicate logarithms of the cation contents expressed as 
milligram-equivalents per kilogram of dry matter. 


other cations tried. Whether Sr correspondingly suppresses the absorption 
of Ca has not been experimentally decided but seems, by analogy, very likely. 

It is found that the absorption of a certain kind of cation is most strongly 
depressed, not by cations of a pronouncedly different type (e.g., the absorp- 
tion of univalent ions by bivalent ions) but, on the contrary, by very closely 
allied cations. This might seem somewhat unexpected in view of some eur- 
rent conceptions of ‘‘ion antagonism.’’ It was only in compiling this pub- 
lication that the writer was made aware of the observations of HurD-KARRER 
(12) according to which K salts are able to prevent the harmful effect of Rb 
salts, and Ca salts the toxic action of Sr salts. These observations were 
explained by HurD-Karrer by assuming that Rb ions are replaced by K ions 
and Sr ions by Ca ions in the nutrition of the plants—an assumption which 
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in view of the present investigation turns out to be entirely correct. BLANCK 
(3) has also observed that Rb may compete with K absorption (24). More- 
over, HOAGLAND, Davis, and Hipparp (11) made an analogous observation 
concerning the accumulation of anions in establishing that the absorption of 
Br ions by Nitella cells is depressed by Cl and I ions but not by SO, or NO, 
ions. These authors pointed out that it may be questioned whether the 
expression ‘‘ion antagonism’’ should be used to designate phenomena of this 
type. The following considerations seem to stress these doubts and also 
shed some light on the mechanism of the mutual hindrance observed. 

It is a well-known fact that ions are in general absorbed to relatively 
greater extent from dilute than from concentrated solutions (6, 8, 11, 25). 
Using the terminology of Stites and Kipp (25) we may also express this by 
saying that the absorption ratio (the ratio €jn;ernag i Cexternai) Of a given ion 
increases when its concentration in the nutrient solution decreases. Also 
the results obtained in the present investigation offered several examples of 
this. It may suffice to quote one single typical example. The ratio Kapsorvea? 
Na@apsorbea WAS In the case of Avena cultivated in solutions I and V which 
both contained K and Na in equivalent amounts, respectively 73: 3.7 =20 
and 61:3.4=18; hence in both samples almost the same. Solution ITI, on 
the other hand, contained Na in a concentration 400 times lower than K. 
If the amounts of Na absorbed by the plants were directly proportional to 
the concentration of Na in the nutrient solution, one would expect to find 
in the Avena plants cultivated in solution III a Na percentage about 400 x 
19 = 7600 times smaller than the corresponding K percentage. But in reality 
the Na percentage analytically found (0.32) was not 7600 but only 230 times 
smaller than the K percentage (75). In other words, when the concentra- 
tion of Na in the culture solution was reduced 400 times (in relation to K) 
the amount of Na absorbed decreased only 33 times. Na was thus absorbed 
relatively much more from the dilute solution. 

Strangely enough, however, Rb in the presence of K, and Sr in the pres- 
ence of Ca, are conspicuous exceptions to this general rule. Thus Rb, when 
occurring in the culture solution in the same concentration as K (solution 
Il), was accumulated roughly to the same extent as K and when occurring 
in a concentration 20 times lower than K (solution V) was accumulated in 
amounts roughly 20 times smaller than the simultaneously absorbed amounts 
of K. The behavior of Sr as compared with Ca is quite analogous. When 
both cations are present in equivalent concentrations (solution V) Sr is 
absorbed almost as readily as Ca; when Sr is given in a concentration 400 
times lower than Ca (solution III) it is absorbed in roughly 400 times 
smaller amounts than Ca. Even when the concentration of Sr is only about 
1/4000 of that of Ca (solution I) the proportionality in absorption is at 
least approximately maintained; the absorbed amounts of Sr are about 
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1/4000 to 1/2000 of those of Ca. Hence, the relative enhancement of absorp- 
tion which in other cases is brought about by diluting the salt solution is not 
found in these cases. Why? One answer to this question is, of course, that 
K when present in a much higher concentration than Rb strongly depresses 
the accumulation of this ion and that Ca correspondingly depresses the 
absorption of Sr. But this answer, though in itself quite correct, does not 
explain the peculiar fact that this depression is exactly great enough to 
maintain the absorption ratio of Rb (as compared with that of K) and of 
Sr (as compared with that of Ca) constant in spite of the great variations 
to which the concentrations of these ions are subjected in the nutrient solu- 
tions used. The simplest explanation of this unexpected constancy of the 
absorption ratios seems to be that the plants are in a certain sense unable 
to ‘‘distinguish’’ between K and Rb and also between Ca and Sr in the same 
manner as they are unable to distinguish between two different isotopes of 
a given element. Just as the absorption ratio of the radioactive isotope 
remains about the same as that of the inactive isotope, (even when the two 
isotopes occur in extremely different concentrations in the external medium) 
so it is also easy to understand that the absorption ratio of Rb or Sr remains 
approximately the same as that of K or Ca when the proportions K: Rb and 
Ca: Sr are subjected to great variations in the culture solution. We must 
assume, however, that the absorption ratio depends, not upon the individual 
concentrations of K, Rb, Ca, and Sr, but upon the combined concentrations 
of K + Rb in the one ease and of Ca + Sr in the other. 

From the same point of view it is easy to explain some peculiarities in 
the results obtained with the culture solutions A to G. On first sight it 
might appear strange that, as the K concentration of the solutions was re- 
duced 10 times, the amount of K absorbed decreased only about 2 to 3 times. 
As the concentrations of Rb and Sr were also 10 times reduced, however, 
the amounts of these cations in the plants decreased about 4 to 10 times. 
This result is understandable if we take into consideration the following 
facts. In solution E the joint concentration of Ca + Sr amounts to 0.4 milli- 
gram equivalents and in solution G to 0.22; the difference is thus moderate. 
Similarly, the combined concentration of K+ Rb in solution E (4.0 milli- 
gram equivalents) differs only moderately from that in D (2.2 milligram 
equivalents). In these instances, therefore, the reduction of the concentra- 
tions of Sr or Rb must evidently cause a considerable decrease of the amounts 
of these elements absorbed. When, however, we compare solution A which 
contains 2.2 milligram equivalents K + Rb with solution D which contains 
only 0.4 milligram equivalents K + Rb we find that the total sum of these 
eations is much reduced in solution D. It thus seems only natural that the 
absorption ratio of K, just like that of Rb, should be considerably greater in 
D than in A. 
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It is then somewhat inappropriate, if the views presented above are cor- 
rect, to use the term ‘‘ion antagonism’’ for the phenomena discussed ; 
‘‘mutual competition’’ or ‘‘mutual replacement’’ are expressions which 
would give a clearer picture of the actual situation. 


Concluding remarks 


In the present investigation stress has been laid on obtaining positive 
experimental facts concerning the selective cation absorption of plants. 
Hitherto such facts have rarely been available. While it would be highly 
important to give a theoretically satisfactory explanation of the selective 
absorption process in question on the basis of the facts thus established, the 
present writer, unfortunately, feels unable to do this as the problem is too 
intricate. Only a few general remarks may be ventured here. 

There are at least two different processes which may account for the 
entrance of salts from the nutrient solution into the plant. The first is the 
transpiration stream which will carry the salts contained in the nutrient 
solution into the plant insofar as the salts are not hindered by some semi- 
permeable or selectively permeable structures in the roots. Since the cell 
walls are generally much more permeable to both water and salts than are 
the protoplasts, it seems conceivable, and perhaps even probable, that the 
transpiration stream traverses the root cortex; flowing not only through 
the protoplasts but to a considerable extent also between them—e., through 
the cell walls which probably exert only a relatively slight selective effect. 
It is probable, however, that there is at least one point in which the stream 
is forced to pass through living protoplasts. This point is the endodermis, 
the Casparian strips of which make its cell walls more or less impermeable 
to water and salts (19). Hence, the composition of the salt mixture enter- 
ing the plant with the transpiration stream will, in any case, be controlled 
by the permeability of some living protoplasts. The same is true in regard 
to the salts which tend to enter the central cylinder of the root by diffusion 
from the nutrient solution. It seems advisable to consider whether or not 
it might be possible to explain the cation selection exerted by the plants in 
the light of current theories of protoplasmic permeability. 

The ultra-filter hypothesis is evidently not able to explain our experi- 
mental results. From what we know about membranes acting as ultra-filters 
(e.g., collodion and copper ferrocyanide membranes) the bivalent Mg, Ca, 
and Sr ions should permeate with considerably greater difficulty than the 
univalent Na ions. In reality, as we have seen, Na is taken up to a less 
degree by most of our experimental plants than are the alkaline earth ea- 
tions. This finding also proves that, contrary to a wide-spread opinion, the 
diffusibility (or mobility) of the ions is not, or at least not alone, decisive for 
their absorption by the plants. In this connection it may be noted that 
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from a purely physiological point of view the smallness of the Na absorption 
is perhaps somewhat surprising, since it is generally supposed that plant 
protoplasts are more permeable to Na than to Mg or Ca ions; plasmolytical 
experiments especially point in this direction. Either this supposition is 
wrong or the cation absorption of the plants is, to a considerable degree, 
determined by some factor other than protoplasmic permeability. 

Turning then to the lipoid-solubility theory we note that at least in the 
system butyl aleohol/water, and thus probably in most systems of the type 
lipoid/water, the distribution coefficients of the cations decrease in the 
order: Li > Na > K > Rb > Mg > Ca > Sr | ALLEMANN, (1) and unpub- 
lished results}. This is, of course, not at all in harmony with the cation selec- 
tion observed in the present investigation. However, according to OsTEr- 
HouT, et al. (17) the relative solubilities in guaiacol increase in order Li < 
Na < K < Rb < Cs, which would be at least roughly in accordance with 
the behavior of the roots; but Mg and Ca are stated (18) to be much less 
soluble in this solvent than Na. This is again in contradiction to the selec- 
tion exerted by most roots. We must bear in mind that the distribution of 
cations between lipoidal solvents and water is still very imperfectly known ; 
it is thus possible that in the future lipoids may be found whose solvent 
capacity would better satisfy the theoretical demands now in question. At 
any rate it is so far quite uncertain that it will be possible to bring the ¢a- 
tion selection of the plants even into purely formal agreement with the 
lipoid-solubility theory; not to speak of the possibility of explaining the 
cation selection in a truly plausible manner. 

There is, too, no clear evidence that the combined lipoid-filter theory, 
though making many different cation selection series theoretically conceiv- 
able, would be able to give a really credible explanation of the whole process. 

It is in fact scarcely worth while to speculate very much upon the con- 
cordances and discrepancies between the current permeability theories and 
the cation selection exerted by the roots. From other investigations, espe- 
cially of HOAGLAND and his collaborators (9) it is rather evident that this 
process is due principally to a complicated activity of the root cells. This 
is essentially independent of the transpiration stream and it cannot be de- 
duced from our knowledge of the passive permeability of the protoplasts. 
This activity presents itself most obviously in the ability of the root cells to 
perform work in accumulating salts in high concentration from the very 
dilute solution surrounding them. The root cells probably actively secrete 


the salts taken up, releasing them to the xylem vessels in which they are 
condueted with the ascending sap to the shoot. 

The problem of the salt selection of the higher plants is thus in the first 
place a question of the selectivity of the adenoid (active) salt transport of 
the root cells. There are, however, still other complications not yet men- 
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tioned. Thus, for example, some of the cations transported with the trans- 
piration stream to the shoot are probably sent back along the sieve tubes to 
the roots where they are likely to impede, at least to some extent, the further 
absorption of cations of the same kind while other sorts of cations are 
retained in the shoot and thus exercise no repressing effect on the uptake of 
eations of their own kind. 

It is evident that the problem of cation selection of the higher plants is 
an extremely intricate one. 


Summary 


Some 20 phanerogams representing different ecological types were culti- 
vated in complete nutrient solutions containing several cations in equivalent 
amounts. After approximately two months of growth the cation composition 
of the plants was determined using LUNDEGARDH’s method of quantitative 
spectral analysis. The cations most closely studied in this way were Na, K, 
Rb, Mg, Ca, Sr, and Mn. Li and Cs were also studied but less extensively ; 
Cu only quite cursorily. The results obtained were as follows: 

1. The differences between the plant species cultivated in a given solu- 
tion are very unequal in regard to the different cations. They are very great 
in the ease of Na and Mn contents; the maximum values are about 20 to 60 
times greater than the minimum. They are considerable in the case of the 
Li, Mg, Ca, and Sr contents; the maximum values are about 3 to 5 times 
greater than the minimum. For K, Rb, and Cs, on the other hand, only 
moderate differences were observed ; the maximum values were 2 to 3 times 
greater than the minimum. The cause of variation of different cations in 
such unequal magnitudes is not known. 

2. The differences observed are, for the most part, truly specifie in char- 
acter. Single plant species are constantly (irrespective of the vear of eulti- 
vation and composition of the culture solutions) found to be relatively rich 
in certain cations and other species as constantly relatively rich in other 
cations. 

3. All halophytes cultivated (Salicornia herbacea, Plantago maritima, 
Atriplex litorale, A. hortense) were found to be very rich in Na, with the 
single exception of Aster tripolium which contained only moderate quanti- 
ties of this element. Fagopyrum esculentum, Zea mays, and Helianthus 
annuus were, on the contrary, distinguished by their unusually large exelu- 
sion of Na. All Chenopodiacean plants, as well as Fagopyrum, were re- 
markably rich in Mg. Ca and Sr were absorbed in greatest amounts by 
Helianthus, Fagopyrum, and Sinapis alba; Avena, Zea, and Spinacia ab- 
sorbed these two cations in the least amounts. 

4. All plants studied absorb Rb and Cs with almost the same rapidity 
as K. They also take up Sr almost as readily as Ca. On the other hand 
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all the other cations studied show no distinct mutual correlation in their 
absorption rates by the plants. 

5. The specific differences between the absorption characteristics of dif- 
ferent plant species are so great that it is not possible to arrange the absorp- 
tion of the cations studied in any certain order which would be valid for all 
plant species investigated. The following data are, however, valid for the 
majority of the species studied. K, Rb, and Cs are, in general, the cations 
most copiously accumulated. The next place is in most cases occupied either 
by Ca and Sr or, about as frequently, by Mg, Li, Na, and Mn; the latter were 
taken up by most plant species to a distinctly less extent than all of the six 
cations so far mentioned. The absorption of Na amounted generally to about 
1/50 to 1/2 of the simultaneously absorbed K. 

6. K and Rb ions and Ca and Sr ions depress the absorption of each other 
more than do any other cations studied in this respect. It is also remarkable 
that Rb or Sr, in the presence of an excess of K or Ca, respectively, do not 
obey the general rule that the absorption ratio of a given ion increases when 
the concentration of that ion in the medium decreases. On the contrary, the 
absorption ratios of Rb and Sr remain constant if only the total concentra- 
tion of K + Rb, respective to Ca+ Sr, is held constant. These findings are 
explained by assuming that the ions K and Rb, and Ca and Sr, behave in 
the salt absorption of plants somewhat as identical ions or as two isotopes 
of the same element. 

7. The very complex nature of the selective salt absorption of higher 
plants is stressed. 


The author is indebted to Mr. ANTT1 KyTONIEMI, Mr. Leo LEHTORANTA, 
and Mr. Mauri Sivonen for carrying out the spectral analyses on which this 
investigation is based. Mr. KYTONIEMI also cultivated the plants grown in 
solution. 
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INFLUENCE OF BORDEAUX MIXTURE AND ITS COMPONENT 
PARTS ON TRANSPIRATION AND APPARENT PHOTO- 
SYNTHESIS OF APPLE LEAVES’ 


FRANKLIN W. SOUTHWICK AND N. F. CHILDEBES 
(WITH FOUR FIGURES ) 


Introduction 


Spray materials should be judged not merely as an effective control 
against insects and pathogens but also by their immediate or residual in- 
fluence on the treated plants; for it follows that those spray ingredients 
which are toxic to various insects and pathogens are in all probability toxic 
in some degree to plant protoplasm. The problem is to determine what 
effects, deleterious or otherwise, Bordeaux mixture and its component parts 
exert on the metabolism of apple leaves. Since this material is popular in 
the control of bitter rot, blotch, apple scab, fire blight, and other important 
fruit diseases, some knowledge concerning the influence of this spray on 
apple foliage would be of value in analyzing orchard spray problems. 

The rates of transpiration and apparent photosynthesis of treated leaves 
were measured under different conditions of temperature, light, humidity, 
and soil moisture. These determinations along with other minor investiga- 
tions were designed not only to obtain direct evidence as to the effect of this 
material on these processes but also to endeavor to provide some informa- 
tion as to the mechanism involved. 

A concise review of most of the literature on the effects of Bordeaux 
mixture on plant metabolism has been assembled by Miuuer (23). 


Methods 


The carbon dioxide gas analysis and procedure for measuring photosyn- 
thesis were similar to those described by Hetnicke and Horrman (12). This 
apparatus was set up in connection with an environmental-control chamber 
as described by Cuiupers and Bropy (5) in which light, temperature, and 
humidity could be controlled. The temperature and humidity within the 
chamber were kept constant within a range of 2° F. and 2 per cent. relative 
humidity, respectively, unless otherwise stated. The humidity when not 
automatically controlled was recorded on a humidigraph inside the experi- 
mental chamber (on one occasion when the humidistat was out of order there 
were variations in relative humidity between five and ten per cent.). From 
these daily records, the average relative humidity for the duration of each 
experiment was determined and the vapor pressure calculated (21). The 

1An abstract of this paper has been published elsewhere (25). 
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intensity of light reaching the experimental leaves was measured with a 
Weston photometer. The individual light readings were averaged for the 
check and test leaves. 

Transpiration was measured simultaneously with photosynthesis by at- 
taching to the air lines bottles which contained pumice stones impregnated 
with sulphuric acid (11). 

Daily determinations which usually lasted three hours each were made 
between 7:30 a.m. and 7:00 p.m. on leaves of Stayman Winesap shoots. 
The shoots were from two to four feet long, arising from two- and three- 
year-old cutbacks and grown in the greenhouse in tubs which contained a 
dark clay loam soil. The trees in all experiments with the exception of those 
employed in experiment XII, had not set terminal buds. The data with a 
few exceptions represent an average of six treated leaves and an average 
of six untreated leaves evenly distributed up and down, and around shoots 
of one, two, or three trees. The number of trees used was dependent on 
the vigor of the shoots available per tree and the number of desirable leaves 
per shoot. Care was taken to see that the check and test leaves corresponded 
as to age and position on the shoots. The tree or trees involved in these ex- 
periments were watered regularly to the field capacity of the soil, exeept for 
the drought conditions study, at intervals ranging from once every day to 
once every sixth day, depending on the rate of transpiration and the evapo- 
ration from the soil as influenced by temperature and humidity in the 
chamber. 

The Bordeaux mixture was prepared by first diluting the stock suspen- 
sion of fresh hydrated lime and then adding the stock solution of copper sul- 
phate according to Pickertne and Beprorp (24). In all cases the sprays 
were applied immediately after they were prepared with a non-continuous 
hand atomizer, sometime between 6: 00 and 10: 00 p.m. 

In some experiments, after the spray had been in contact with the leaf 
surface for several days, the spray sediment was removed, as much as pos- 
sible, from either the upper or lower surface separately or both surfaces 
simultaneously. This was done by gently wiping the leaf surface with ab- 
sorbent cotton moistened in distilled water. Extreme care was taken during 
this operation to prevent mechanical injury to the leaves. Spray removal 
was done sometime between 6: 00 and 10: 00 p.m. 

The term ‘‘expected rate’’ refers to the relationship existing between 
the rate of photosynthesis and transpiration of the check and test leaves 
prior to spray treatment. It was assumed that the relationship between the 
check and the test leaves would remain constant throughout the experiment, 
within the limits observed prior to spraying, and that any further fluctua- 
tions arising in these relationships after spray was applied were due to the 
influence of the spray material. Consequently, the ‘‘ percentage of expected 
rate’’ as used in this paper is considered to represent a measure of the effect 
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of various spray materials on the rate of photosynthesis and transpiration. 
The methods used in calculating the ‘‘expected rate’’ and the ‘‘ percentage 
of expected rate’’ are given at the bottom of table I. 


. TABLE I 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—50° F., 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1547 
AVERAGE FOOT CANDLES ON TEST LEAVES—1302 
AVERAGE VAPOR PRESSURE—4.95 MM. or Hg 





















































APPARENT PHOTOSYNTHESIS TRANSPIRATION 
PER- PER- 
CO,/100 cm.?/ Ex- CENTAGE | H.O/100 cm.?/ Ex- CENTAGE 
; HOUR PECTED OF EX- HOUR PECTED | OF EX- 
DATE RATE PECTED RATE PECTED 
1939 | A x 100 RATE E x 100 RATE 
we. i ‘x 100 eta: sie ) 
Test | CHECK B ©x100 | west | Cuecx | F Gx 100 
| a | | | a 
A B | C D | oe, ee H 
| mg. mg. % gm. | gm. | % 
Nov. 14 | 16.52 17.18 96 102 0.72 | 0.86 84 95 
15 | 12.67 | 13.04 | 97 103 0.98 | 1.02 96 | 109 
16 | | 
17 | 
18 14.38 15.95 90 96 0.96 1.15 83 94 
Average i 94* 100 88* 100 
Ist 19 10.47 11.85 88 94 1.01 1.23 82 93 
ray 22 | 14.70 | 16.97 | 87 93 0.81 | 0.90 90 102 
spray 21 | 12.36 | 13.99 88 94 1.12 1.15 97 110 
22 | 11.95 | 74 79 1.00 1.18 85 97 
Za «62 Oi 18 78 83 0.67 0.81 3 94 
spray 24 | 10.99 72 77 1.18 1.23 96 109 
25 | 12.34 | 78 83 0.38 0.43 88 100 
26 | | 
3rd 27 | 10.42 13.82 75 g0 0.77 0.87 89 101 
spray 22 | 1227 | 17.80 69 73 0.82 0.98 84 95 
Spray o9 | 14.06 | 18.84 75 80 1.01 1.11 91 103 
30 | 10.67 14.09 76 81 0.86 0.99 87 99 
Dee. 1¢ | 8.67 | 12.24 71 76 0.73 | 1.03 71 81 
2 | 20.30 24.63 82 87 0.74 0.91 81 92 
3t 
4 10.94 13.77 79 84 0.93 1.15 81 92 
5 | 14.50 19.69 7 79 0.85 0.98 87 99 





* The numbers that are starred in columns C and G represent the ‘‘expected rate’’ 
and are substituted in the formula above columns D and H obtaining the ‘‘ percentage of 
expected rate’’ in columns D and H. 

t Spray removed from upper surface. 

+ Spray removed from lower surface. 


Results 


It has been a general observation that cool temperatures and moist con- 
ditions, such as oceur in early spring, are closely associated with Bordeaux 
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injury to apple leaves. In the summer, however, when the temperatures are 
considerably higher, little or no visible injury ordinarily develops. Con- 
sequently, the first five experiments to be discussed were designed to deter- 
mine what role various temperature levels, ranging from 50 to 100° F. play 
in affecting the rate of photosynthesis and transpiration of apple leaves 
sprayed with 46-100 Bordeaux. It may be pointed out that variations in 
photosynthesis and transpiration of the test leaves (expressed in percentage 
of expected rate) before the spray applications were made are considered 
in each experiment to be normal for that set of leaves and such variations 
after treatment are likewise considered within normal range of fluctuation. 
To gain an average estimate of the effect of the spray on leaf activity, an 
imaginary curve could be projected through the daily percentage of ex- 
pected rate of photosynthesis or transpiration. 


EXPERIMENT I (TEMP. 50° F.) 

Two Stayman Winesap trees each bearing a single vigorous shoot were 
employed in this experiment. A relationship was established between the 
check and test leaves, in the five-day period from November 14 to 18. On the 
evenings of November 18, 21, and 25 a spray of Bordeaux 46-100 was ap- 
plied to both surfaces of the test leaves. The data are given in table I and 
graphically shown in figure 1—A as the percentage of expected rate for the 
sprayed leaves. The rate of photosynthesis following the first spray ap- 
plication was consistently below 100 per cent. of the expected rate but this 
reduction was hardly significant. Immediately following the second spray, 
however, a decrease of 21 per cent. in the photosynthetic rate was apparent. 
The rate of carbon dioxide absorption remained at about this level even after 
the third spray. On the evening of November 30 the spray deposit was ecare- 
fully wiped from the upper surface of the test leaves with moist absorbent 
cotton. On the morning of December 1, approximately 12 hours following 
spray removal, some burning typical of the Bordeaux injury described by 
Heprick (10), Cranpaui (7), and Durron (9) was observed on the test 
leaves. The injury appeared as spots scattered over the upper surface and 
were most numerous at the tip and margins of the test leaves. Contrary to 
the reports of the above workers, the mature leaves were more seriously 
affected than the young leaves. Two days later, on the night of December 
2, the spray residue on the lower surface of the treated leaves was removed. 
No further increase in injury was observed. To be sure that this injury 
was not due to the wiping action alone, the check leaves were wiped similarly 
with moist absorbent cotton. No visible injury ensued. 

It is apparent from figure 1—A that the rate of photosynthesis was not 
changed appreciably at 50° F. by spray removal from either the upper or 
lower leaf surface. Transpiration which heretefore was not significantly 
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transpiration of apple leaves at (A), 


influenced by Bordeaux mixture dropped sharply immediately after 
removal of the spray material from the upper surface and at the time 


visible injury occurred. 


50 


F.; 


(B), 60° F.; and (C), 70° F. 





By December 5, however, three days after 


and 


the 
the 
the 


removal of the spray deposit from the lower surface, transpiration had 


recovered. 


EXPERIMENT II (Tremp. 60° F.) 


The data for this experiment are given in table II and presented graph- 


ically in figure 1—-B. 


Each of the two Stayman apple trees used possessed 
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TABLE II 


THE INFLUENCE OF BORDEAUX MIXTURE 4~-6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 


TEMPERATURE—60° F. 


AVERAGE FOOT CANDLES ON CHECK LEAVES—2083 
AVERAGE FOOT CANDLES ON TEST LEAVES—1225 
AVERAGE VAPOR PRESSURE—5.18 MM. or Hg 
























































APPARENT PHOTOSYNTHESIS TRANSPIRATION 
PER- PER- 
CO,/100 cm.?/ Ex- CENTAGE | H,O/100 cm.?/ Ex- CENTAGE 
HOUR PECTED OF EX- HOUR PECTED OF EX- 
DATE RATE PECTED RATE PECTED 
1939 Ax100| RATE : Ex100 | RATE 
Test | CHECK B ox se me Test | CHECK F Gx 100 x 180 
121* 1il* 
A B C > | 2.7 P-7 e H 
mg. mg. | % gm. gm. co 
Oct. 26 | 26.34 20.81 127 105 1.12 1.06 106 95 
27 | 22.20 | 18.63 119 98 1.49 1.45 | 103 93 
28 | 28.36 | 24.39 116 26 1.37 1.11 1223 | WwW 
Average 121* 100 iz |. we 
an 161 | 151 | 107 | 9 
spray 39 | 18.68 | 17.14 | 109 90 1.07 1.10 wT i: @ 
SPFay 31 | 25.13 22.88 | 110 91 1.07 1.00 107 96 
Nov. 1 9.11 938 | 97 80 37 1.48 93 84 
ond 2 | 15.00 | 17.24 aoe 72 1.39 1.27 109 98 
spray 2 | 20.36 26.10 | 78 64 1.07 1.27 84 76 
spray) 4 | 14.61 = = 16.55 | 88 73 1.15 1.29 89 80 
gra 8 24.64 | 27.03 | 91 75 1.12 1.27 88 79 
spray © | 29-14 | 31.15 | 94 78 1.20 1.18 102 | 92 
Spray 7 | 31.09 | 34.71 | 90 74 115 1.30 88 7 
st | 18.04 20.74 | 87 72 1.13 1.26 90 81 
9 | 17.60 19.81 | 89 74 0.89 1.12 79 71 
10¢ | 19.10 18.79 102 84 1.21 1.40 86 77 
11 | 17.88 20.16 89 74 1.91 2.25 85 77 
12 | 17.66 19.36 | 91 75 1.38 1.60 86 77 


* See table I. 
Spray removed from upper surface. 
Spray removed from lower surface. 


+ 


+ 


one shoot which had not set a terminal bud. A relationship was established 
between the check and test leaves in a three day period from October 26 to 
28. The 46-100 Bordeaux spray was applied during the early evening of 
October 28, November 1, and November 4; and the spray residue was re- 
moved the nights of November 7 and 9 from the upper and lower leaf sur- 
faces, respectively. As shown in figure 1—B, the photosynthesis curve of 


the test leaves in percentage of expected rate was very similar to the one 
obtained in experiment I and shown in figure 1-A. The sharpest drop in 
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photosynthesis during this experiment occurred, as in the previous test, 
after the second spray application; for on November 3 the rate of carbon 
dioxide absorption of the sprayed leaves was reduced 36 per cent. The 
rate of photosynthesis rose slightly November 4 but still remained 25 per 
cent. below the expected rate, where it persisted for the duration of the 
experiment. In contrast to the practically negligible influence of Bordeaux 
46-100 on transpiration in experiment I, the rate of water-vapor loss was 
definitely reduced, 24 per cent. by November 3, two days after the second 
spray had been applied. The transpiration rate continued to show a defi- 
nite reduction thereafter, with an exception on November 6, when it par- 
tially recovered. 

There was no visible injury noted on the test leaves before spray re- 
moval. When, however, the spray was carefully removed on November 7 
from the upper surface of the test leaves with moist absorbent cotton, the 
same type of injury was visible the following morning as appeared after 
similar treatment in experiment I conducted at 50° F. All of the check 
leaves were similarly wiped but in no case did any injury appear on them. 
Here again the injury was more pronounced on the mature leaves. Photo- 
synthesis failed to recover following the spray removal on November 8 
from the upper surface or after November 9 when the spray deposit was 
removed from the lower surface. The data in table II and figure 1-B show 
that the rate of transpiration, however, was reduced even farther following 
the appearance of injury on the foliage. : 

The results of this experiment indicate a definite reduction in both 
photosynthesis and transpiration following applications of Bordeaux mix- 
ture 46-100. These reductions persisted even though the spray sediment 
was eventually removed. As in experiment I, the operation of spray re- 
moval brought about the appearance of visible injury apparently instigated 
by Bordeaux mixture but made visible only after wiping the upper surface 
of the test leaves with moist absorbent cotton. 


EXPERIMENT III (Tremp. 70° F.) 


In order to determine the critical temperature for the appearance of 
injury following spray removal, as shown in experiments I and II, the tem- 
perature for this experiment was raised to 70° F. where it was held constant 
throughout the experiment. The two Stayman Winesap apple trees, each 
of which bore a single shoot, had not set terminal buds. Since one of the 
test leaves was broken midway through the experiment, the data in table 
III and figure 1-C represent the average of only five test leaves, and the 
usual six check leaves. A relationship between the check and test leaves 
was established from August 29 to September 2. Three applications of a 


4-6-100 Bordeaux were made on the evenings of August 2, 5, and 7, then 
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TABLE III 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6-—100 ON THE RATE OF PHOTOSYNTHESIS AND 


TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—70° F. 


AVERAGE FOOT CANDLES ON CHECK LEAVES—1220 
AVERAGE FOOT CANDLES ON TEST LEAVES—1400 
AVERAGE VAPOR PRESSURE—5.56 MM. OF Hg 









































APPARENT PHOTOSYNTHESIS TRANSPIRATION 
Prr- | | Per- 
CO,/100 om.?/ Ex- |CENTAGE| H,0/100 cm.?/ Ex- CENTAGE 
D HOUR PECTED | OF EX- | HOUR PECTED | OF EX- 
ee RATE | PECTED | RATE | PECTED 
Ax100| RATE Ex100/| RATE 
i” >  |Cx100 ; 
Test |Cueck| B Cx100) west | CHEcK P _Gx100_ 
| 148* | 166* 
A B Cc D E F t H 
mg. mg. % gm. gm. % 
Aug. 29 a.M 25.77 15.55 166 112 1.93 1.55 125 108 
29 p.m 19.65 12.75 154 104 
30 A.M 19.69 14.68 134 91 1.43 1.24 115 99 
30 P.M 22.38 15.36 146 99 1.96 1.56 126 109 
31 A.M 
31 P.M 19.04 14.15 135 91 1.26 1.22 103 89 
Sept. 14.M 23.10 17.10 135 91 1.10 0.80 138 119 
1PM 1.00 0.96 104 90 
2 P.M 20.23 12.80 163 110 2.09 2.04 102 88 
Average 148* 100 116* 100 
3 A.M. 22.69 17.22 132 89 0.91 1.11 82 71 
3 P.M. 15.44 10.71 144 97 1.98 2.26 §8 76 
Ist 4A.M. 20.29 12.83 158 107 
spray 4P.M. 28.04 21.39 131 89 1.82 1.93 94 81 
5 A.M. 23.20 17.57 132 89 0.70 0.81 86 74 
5 P.M. 19.21 12.21 157 106 1.66 1.62 102 88 
6 A.M. 28.82 22.49 128 86 0.81 1.00 81 70 
2nd 6P.M. 
spray 7 A.M. 25.39 17.41 146 99 0.85 0.85 100 86 
7 P.M. 24.06 16.49 146 99 1.76 2.00 88 76 
8 A.M. 25.75 21.83 118 80 0.75 0.88 85 73 
8 P.M. 21.09 15.74 134 91 1.44 1.57 92 79 
3rd 9 A.M. 23.14 18.8 123 83 0.69 0.71 97 S4 
spray 9 P.M. 19.57 13.12 149 101 1.41 1.74 81 70 
10 A.M. 25.97 16.82 154 104 1.86 2.00 93 80 
10 P.M. 21.42 15.87 135 91 1.27 1.20 106 91 
11 A.M. 22.80 14.70 155 105 2.08 >10 99 as 
lip.m. | 20.22 | 13.74 147 99 : 
12 A.M. 1.99 1.99 100 86 : 
12pm. | 15.81 | 940 168 4 | 197 |-177 | 111 96 
13 A.M 26.54 16.71 159 107 1.70 1.61 106 91 : 
13 P.M 17.08 | 13.18 130 88 1.64 1.38 119 103 
a eee lesions 
* See table I. 
t Spray removed from both surfaces. 
subsequently removed from both surfaces the night of September 10. 
? : ‘ ‘ ; ; : 
Owing to the rather wide fluctuations in the daily percentage of expected ; 
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rates following applications of Bordeaux, no conclusive statement from 
this experiment may be made as to the effect of this spray on photosyn- 
thesis. Yet there seems to be little doubt that the trend in photosynthesis 
of the test leaves was downward following applications of Bordeaux 4-6— 
100. The fact that the rate of carbon dioxide absorption was, for the most 
part, above the expected rate after spray removal would indicate that this 
operation caused a recovery in photosynthesis, which is brought out more 
clearly in later experiments. No visible injury could be observed either 
before or after spray removal. 

Transpiration was noticeably decreased by treatment with Bordeaux 
mixture immediately after the first application when the rate was reduced 
29 per cent. The rate of water-vapor loss failed to recover to its pre- 
spray status until three days following removal of the spray deposit from 
both surfaces. 

The results of this experiment indicate perhaps a slight reduction in 
photosynthesis when compared with the reductions obtained in photosyn- 
thesis in experiments I and IJ. Transpiration, however, dropped more 
sharply after spraying in this investigation at 70° F. than in those at 50° 
and 60° F. discussed previously. 


EXPERIMENT IV (TEMP. 82° F.) 


Bordeaux is frequently applied in some sections of the country in the 
cover sprays for apple trees without the appearance of injury to either 
fruit or foliage. In an effort to determine the effect of Bordeaux 4-6—100 
on apple foliage under summer conditions, the temperature within the 
environmental-control chamber was held constant at 82° F. Owing to a 
sudden unexpected ‘‘burning out’’ of about half of the twenty-four 1000- 
watt light bulbs in the control chamber during this experiment, the light 
intensity on the test leaves averaged only 525 foot candles. 

The data presented in table IV and figure 2—D represent two daily 
23-hour determinations from six test and six check leaves selected from two 
vigorous Stayman apple trees. After a pre-spray relationship was estab- 
lished from September 16 to 19, Bordeaux 4-6—-100 was applied to both 
surfaces of the test leaves on the evenings of September 19, 22, and 25. 
Then on September 29 as much of the spray residue as possible was removed 
with moist absorbent cotton. According to figure 2—D the rate of photosyn- 
thesis appeared to be reduced slightly by two spray treatments. On the 
morning following the third spray application, however, the rate of carbon 
dioxide absorption dropped sharply to 19 per cent. below the expected rate. 
This reduced rate of photosynthesis persisted until September 30, the day 
after spray removal. At this time the relative rate of carbon dioxide ab- 
sorption gradually rose until October 2 when photosynthesis approximately 
regained its pre-spray status. 
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Fig. 2. The effect of Bordeaux mixture 46-100 at (D), 82° F., and (E), 100° F., 

on the rate of photosynthesis and transpiration of apple leaves. The lower graph (F) 


shows the influence of Bordeaux mixture 2-6—100 at 75° F. on leaf activity. 


Except on the morning of September 21, transpiration appeared to be 
reduced by applications of Bordeaux 4-6-100. The maximum reduction 
in the rate of water-vapor loss amounted to 23 per cent. the morning of 
September 25, three days after the second spray application. The rate of 
transpiration never fully recovered until October 1, two days after the 
spray had been removed from both surfaces of the test leaves. 
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THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 


TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—S82° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—341 
AVERAGE FOOT CANDLES ON TEST LEAV ES—525 
AVERAGE VAPOR PRESSURE—24.31 MM. or Hg 





APPARENT PHOTOSYNTHESIS 


am 











| PER- 





| €O,/100 ow2/ | Ex- |cenrace| H,0/100 cx 
Dirs | HOUR PECTED OF EX- HOUR 
1939 RATE | PECTED | 
se “aoppameam ——|Ax100! rate |——— 
| TEST | CHECK | B S x 100 | Test | CHECK 
144* | 
A B C D E F 
mg. mg. % gm. gm. 
Sept. 16 P.M. 17.66 11.30 156 108 2.91 1.77 
17 A.M. 15.28 10.79 142 99 3.20 2.04 
17 P.M. 16.28 10.12 161 112 2.78 1.96 
18 A.M. 19.67 14.49 136 94 4.08 2.78 
18 P.M. 21.08 14.78 143 99 3.41 2.73 
19 A.M 26.89 20.48 131 91 3.44 2.65 
19 P.M 17.93 12.96 138 96 2.55 1.70 
Average 144* 100 
20 A.M 20.83 14.59 143 99 3.22 2.57 
20 P.M 21.69 16.41 132 92 2.19 1.73 
Ist 214.M 19.84 14.15 140 97 3.99 2.59 
spray 21 P.M 17.52 12.52 140 97 2.32 1.86 
22am. | 17.35 12.94 134 93 3.30 06 
22 P.M 11.80 8.98 131 91 2.75 2.14 
23 A.M. 19.10 14.13 135 94 3.36 2.72 
23 P.M 14.77 11.76 126 88 2.98 2.41 
2nd 24 A.M 16.54 11.98 138 96 3.00 2.62 
spray 24 P.M 16.68 12.58 133 92 
25 A.M 15.23 11.83 129 90 3.26 2.90 
25 P.M 11.00 7.85 140 97 2.25 1.85 
26 A.M. 13.26 11.42 116 81 3.76 2.99 
26 P.M. 18.51 15.11 123 85 2.51 2.11 
27 A.M. 13.16 11.43 115 80 1.76 1.38 
3rd 27 P.M. 15.66 12.32 127 88 1.5] 1.27 
spray 28 A.M. 4.15 3.25 
28 P.M. 16.20 13.20 123 85 2.38 1.75 
29 A.M. 15.89 12.72 125 87 2.89 2.22 
29 P.M. 14.32 12.08 119 83 2.09 1.75 
30 A.M. 24.36 18.51 132 92 3.18 2.35 
30 P.M. 2.95 2.27 
Oct. 1a.m.t 18.87 14.45 131 9] 2.58 1.78 
1 P.M. 17.35 12.09 144 100 2.11 1.53 
2 A.M. 17.10 11.70 146 101 


* See table I. 
t Spray removed from both surfaces. 


TRANSPIRATION 








| Ex- 
PECTED | 
RATE 
| Ex 100 


F 


136 


PER- 


| CENTAGE 


OF EX- 
PECTED 
RATE 


G x 100 


| 145* 





H 


82 


82 
88 
94 
90 
82 
93 
90 

100 
95 





732 PLANT PHYSIOLOGY 


As in experiment III, no visible injury was noted throughout this ex- 
periment, yet both photosynthesis and transpiration were reduced by 
Bordeaux 4-6-100 applied at 82° F. 


EXPERIMENT V (TEMP. 100° F.) 


The temperature in this experiment is comparable with mid-day tem- 
peratures often occurring on hot days in July or August in the field. 
The data given in table V and figure 2—E represent only the average of 


TABLE V 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—100° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1300 
AVERAGE FOOT CANDLES ON TEST LEAVES—3667 
AVERAGE VAPOR PRESSURE-—3.63 MM. OF Hg 






































APPARENT PHOTOSYNTHESIS TRANSPIRATION 
| Per- | | PER- 
CO./100 cm.?/ Ex- |CENTAGE| H,O/100 cm.?/ | CENTAGE 
D HOUR PECTED | OF EX- | HOUR PECTED | OF EX- 
seen RATE | PECTED RATE | PECTED 
Ax100| RATE | E x 100 RATE 
—zm | Cx 100 ’ ee ) 
Test | CHECK B | ©x100) nye | CHECK F Gx 100 
| jaa" 168* 
A B Cc D E F G H 
mg. mg. | % gm. gm. T % 
Oct. 4 29.05 16.39 177 97 5.61 3.61 | 155 92 
5 21.87 10.50 208 114 4.80 2.64 | 182 108 
6 21.81 13.12 166 91 7.90 4.71 168 100 
7 | 2243 12.74 | 176 97 
Average 182* 100 168* 100 
8 19.70 13.58 145 80 4.78 3.18 150 89 
Ist 9 16.57 11.33 146 80 4.29 2.83 152 90 
spray 10 20.32 14.93 137 75 4.84 3.07 158 94 
11 24.82 17.80 139 76 4.61 2.47 187 111 
12 | 21.30 | 13.93 53 84 3.92 2.56 153 91 
13 22.03 14.67 150 82 
2nd 14 24.24 16.54 147 81 5.86 3.18 184 110 
spray 15 20.10 13.30 151 83 3.62 2.31 153 91 
16 
17 19.74 15.12 131 72 4.26 2.73 156 93 
18 25.10 15.49 162 89 5.32 4.09 130 77 
3rd 19 22.73 15.85 143 79 
spray 20 24.01 14.91 161 88 4.95 3.01 | 164 98 
21 20.11 14.89 35 74 4.3 2.64 | 163 97 
22t | 18.94 | 9.90 | 213 117 4.52 | 2.76 | 164 98 
23 38.24 19.02 201 110 4.12 2.38 173 103 
24¢ | 30.59 17.49 175 96 4.13 2.08 199 118 
25 


* See table I. 
+t Spray removed from the upper surface. 
+ Spray removed from the lower surface. 
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five check as compared with the usual six test leaves, owing to the loss of a 
check leaf during the experiment. The Stayman Winesap trees used in this 
test were similar to those described in the previous experiment. After the 
pre-spray relationship had been established over four days, three applica- 
tions of Bordeaux 4-6—100 were made at four- and six-day intervals. As 
previously mentioned, the spray treatments were made in the early evening 
after the bank of lights in the chamber had been shut off. Only a single 
200-watt light was used during spray application. 

In contrast to the four experiments heretofore discussed the rate of 
photosynthesis was reduced rather markedly—20 per cent. immediately fol- 
lowing the first spray. In previous experiments it may be remembered that 
the decrease in photosynthesis was small or questionable in some cases after 
the first spray ; a definite reduction was usually evident, however, after the 
second or third spray application. The curve representing percentage of 
expected rate of carbon dioxide absorption (fig. 2-E) levels off somewhat 
after the initial drop in photosynthesis following the first spray treatment, 
and was practically unchanged even after the second and third treatment 
with Bordeaux. The rate of transpiration was not significantly influenced 
except on October 18, the morning after the third spray application, when 
the rate of transpiration dropped 23 per cent. Photosynthesis had fully 
recovered two days later, however. If the experiment as a whole is con- 
sidered, it is apparent that transpiration was below its expected rate in nine 
out of eleven individual determinations after spray was applied to the test 
leaves. 

The removal of the spray residue from the upper surface of the test 
leaves the evening of October 21 brought about immediate recovery in 
photosynthesis the following morning. If anything, the rate of transpira- - 
tion appeared to recover after the spray was removed from both surfaces of 
the leaves. It should be mentioned that there were no signs of visible injury 
either before or after the removal of the spray deposit. 

From this experiment and those conducted at 70° and 82° F. it seems 
evident that applications of Bordeaux 4-6—100 will reduce the rate of photo- 
synthesis and transpiration of apple leaves even in the absence of visible 
injury. The fact that photoysnthesis fully recovered after the removal of 
the spray residue from the upper surface only, indicates that it is largely 
through the upper leaf surface that Bordeaux mixture causes a reduction 
in the rate of carbon dioxide absorption. 


EXPERIMENT VI (TEMP. 75° F.) 


It is often the custom to use a 2-6—-100 Bordeaux in the orchard spray 
program. Hence, the effect of this more dilute mixture of Bordeaux on leaf 
metabolism was studied. 
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A single Stayman Winesap apple tree was selected for this investigation 
since there were present a sufficient number of desirable leaves on the one 
vigorously growing shoot. Data given in table VI and figure 2—F represent 


TABLE VI 





























THE INFLUENCE OF BORDEAUX MIXTURE 2—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—75° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1050 
AVERAGE FOOT CANDLES ON TEST LEAVES—812 
AVERAGE VAPOR PRESSURE—10.97 MM. or Hg 
| APPARENT PHOTOSYNTHESIS : ; TRANSPIRATION 
PER a | PeEr- 
CO./100 cm.*/ | Ex- |CENTAGE| H,O/100 cm.2/ Ex- | CENTAGE 
_—— HOUR | PECTED | OF EX HOUR PECTED | OF EX- 
seen | RATE PECTED | RATE PECTED 
wer — |} Ax100/| RATE —_——_—_———_| Ex 100 | Rate 
_ ae Yy J ie, eet sche 
TEST | CHECK B ' _ TEsT | CHECK F G x 100 
tad } ; 104* 
” gene tae = oi Cc : D E a: F G H 
| mg. mg. % gm. gm. % 
Feb. 19 19.70 16.85 117 104 2.44 2.42 101 97 
20 20.48 18.70 110 98 1.29 1.35 96 92 
21 19.50 18.32 106 95 1.70 1.56 109 105 
22 16.33 14.50 113 101 1.50 1.35 111 107 
Average ... 112* 100 104* 100 
1st 23 13.56 13.95 97 87 1.60 1.70 94 90 
nates 24 17.53 17.21 102 91 1.52 1.42 107 103 
ite 25 | 17.49 | 17.80 98 88 1.44 1.52 95 91 
ond 26 19.98 20.44 98 88 1.40 1.45 97 93 
= A 27 15.27 15.45 99 88 1.72 1.81 95 91 
ies 28 14.85 15.26 97 87 1.89 1.90 99 95 
29 | 13.94 15.74 89 79 1.34 1.56 86 83 
Mar. 1 | 1.30 1.29 101 97 
3rd 2 | 10.12 11.12 91 81 1.51 1.57 96 92 
spray 3 10.94 12.27 89 79 1.62 1.63 99 95 
4t | 12.39 12.19 102 91 1.70 1.65 103 99 
5 15.27 14.69 104 93 1.73 1.66 104 100 


* See table I. 

t Spray removed from both surfaces. 

the average of five check leaves and six test leaves. A relationship was 
established between the rates of photosynthesis and transpiration of the 
test and check leaves from February 19 to 22. Applications of Bordeaux 
26-100 were made on the evenings of February 22, 25, and 29. It is appar- 
ent from table VI and the graph in figure 2-F that a gradual reduction in 
photosynthesis occurred following each application of spray. On February 
29, after three applications of Bordeaux 2—6—100, photosynthesis was re- 
dueed 21 per cent. The transpiration rate was affected in a similar manner 
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but to a somewhat lesser degree. Here again, as in all experiments con- 
ducted at 70° F. and above, the removal of the spray residue brought about 
a definite recovery in photosynthesis. Two days after spray removal the 
rate of carbon dioxide absorption was but 6 per cent. lower than the ex- 
pected rate. Transpiration also recovered following spray removal but as 
shown in figure 2-F the rate of transpiration had begun to recover on 
March 1, three days prior to spray removal. That photosynthesis tends to 
recover in 10 days to two weeks after a single application of Bordeaux is 
shown later in experiment X. 

The data presented in this experiment indicate a reduction in photo- 
synthesis and transpiration of apple leaves treated three times at 100° F. 
and at relatively short intervals with Bordeaux 2—6—-100. This decrease, 


TABLE VII 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES GROWING UNDER LOW WATER CONDITIONS 
TEMPERATURE—85° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1352 
AVERAGE FOOT CANDLES ON TEST LEAVES—1708 
AVERAGE VAPOR PRESSURE—15.11 MM. or Hg 



































APPARENT PHOTOSYNTHESIS TRANSPIRATION } 
| | Per- | | PER- 
CO./100 cm.? Ex- | CENTAGE | H.O/100 cm. Ex- | CENTAGE 
—— HOUR PECTED | OF EX- HOUR PECTED | OF EX- 
1940 RATE | PECTED | RATE | PECTED 
P —| Ax100]| RATE per E x 100 | RATE 
ae wet ae FF +x 100 
Test |Cueck| B | ©X100) gece | Cueck ae <= 
94* | 105* 
es a c os ee , i @ H 
mg. mg. % gm. gm. % 
June 20 22.27 | 23.88 93 99 3.08 3.16 97 91 
21 19.52 19.98 98 104 3.29 2.99 110 105 
22 21.80 23.44 93 101 3.77 3.58 105 100 
23 | 
24 26.28 26.61 99 105 3.42 3.21 107 102 
25 18.48 21.43 86 92 2.59 2.46 105 100 
Average 94* 100 105* 100 
26 7.43 9.80 76 81 1.92 1.64 117 111 
Ist 27 7.55 10.38 73 78 1.14 1.07 107 102 
spray 28 1.33 121 | 110 105 
29 10.71 | 14.51 74 79 2.35 2.32 101 96 
ona 30 4.56 | 7.18 64 68 2.05 2.16 95 90 
eine July 1 8.66 10.94 79 84 2.00 2.12 94 90 
— 2 | 10.61 | 13.10 81 86 
ard 3 4.74 7.44 64 68 1.30 1.26 103 98 
ec inl 4 | 10.27 | 17.24 60 64 1.96 1.85 94 90 
spray 5 3.25 5.40 60 64 1.74 1.82 96 91 


* See table I. 
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however, was not markedly different from that observed following a similar 
number of sprays of Bordeaux 4—6—100 to apple foliage maintained at tem- 
perature of 70° F. 
EXPERIMENT VII (Temp. 85° F.) 
Several investigators (3, 29) have observed that Bordeaux sprayed 
plants growing under drought conditions were stunted, wilted, or suffered 
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Fig. 3. (G) and (H). The effect of Bordeaux mixture 4—6-100 on the rate of 
photosynthesis and transpiration of apple leaves growing under drought conditions. 
(1). The effect of Bordeaux mixture 4-6—-100 on the rate of photosynthesis and trans- 
piration of apple leaves when sprayed separately on the upper and lower surfaces. 
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other deleterious effects not noted on similar unsprayed plants growing 
under identical conditions. It is generally assumed that such growth 
responses instigated by Bordeaux were correlated directly with an in- 
ereased rate of transpiration. The results obtained in this experiment show 
how a young apple tree growing under low water conditions responded in 
leaf activity when sprayed with Bordeaux. A single Stayman Winesap 
tree bearing two vigorous shoots was employed in this investigation. Before 
any spray was applied the soil was allowed to dry until the leaves showed 
signs of wilting. Every evening sufficient water was added to the soil so 
that the leaves regained turgidity and remained so at least for the duration 
of the test the following morning. 

When a relationship had been established between the check and the test 
leaves a spray of Bordeaux 4-6—100 was applied, as in all previous experi- 
ments, to the test leaves on June 25, June 29, and July 2. It may be seen 
in table VII and figure 3—G that the rate of carbon dioxide absorption was 
immediately reduced 20 per cent. by the first application of spray. After 
this initial reduction in photosynthesis, the level of carbon dioxide absorp- 
tion remained approximately the same until the morning following the 
second spray when a 32 per cent. reduction occurred. The rate of carbon 
dioxide absorption partially recovered on July 1 but dropped again the 
next day and remained about 25 per cent. below the expected rate after the 
third spray. 

In contrast to all previous experiments, the rate of transpiration rose 
slightly the day following the first application of Bordeaux. This slight 
increase was only temporary, however, for there was no other significant 
change in the rate until after the second spray treatment when a 10 per 
cent. decrease was measured. This minor reduction in water-vapor loss 
persisted for the remainder of the experiment. At no time during this 
experiment did the test leaves appear to wilt before the neighboring 
unsprayed leaves on the same shoot, or vice versa. 


EXPERIMENT VIII (Temp. 85° F.) 


To check the validity of the results obtained in experiment VII the entire 
investigation was duplicated, as nearly as possible, in this experiment. As 
in experiment VII this Stayman Winesap tree possessed two vigorously 
growing shoots, on which the test leaves were alternately selected for the 
study. 

The data given in table VIII and figure 3-H represent the average 
values of photosynthesis and transpiration for six test and six check leaves 
during 23-hour daily determinations. It is evident from figure 3-H that 
photosynthesis was reduced markedly by a single application of Bordeaux 
4-6-100 under drought conditions. In fact, by July 16, three days after 
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TABLE VIII 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES GROWING UNDER LOW WATER CONDITIONS 
TEMPERATURE—85° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1640 
AVERAGE FOOT CANDLES ON TEST LEAVES—1513 
AVERAGE VAPOR PRESSURE—15.11 MM. or Hg 

















APPARENT PHOTOSYNTHESIS TRANSPIRATION 
| PER PER- 
| CO,/100 om.?/ | Ex- CENTAGE| H.O/100 cm.* Ex- | CENTAGE 
D HOUR PECTED | OF EX- HOUR PECTED | OF EX- 
meg RATE | PECTED RATE | PECTED 
1940 Ax100| Rate }——,———~| Ex100| Rate 
ies C x Bi —a - | Gx 100 
| TEST | CHECK | B 100 lest | CHECK F G x 100 
| | 100* 108* 
A es ar D E F G H 
mg. mg. | % gm. gm. % 
July 11 6.67 6.84 98 98 1.29 1.11 116 107 
12 13.56 13.34 102 102 1.24 1.18 105 97 
13 12.06 12.07 100 100 1.19 1.15 103 95 
Average 100* 100 108* 100 
1st 14 7.64 8.45 90 90 0.83 0.93 89 83 
one 15 6.57 8.37 78 78 0.88 0.65 135 125 
— 16 3.21 5.20 62 62 0.69 0.84 82 76 
ond 17 4.02 6.38 | 63 63 0.71 0.80 89 82 
~— 18 9.11 | 11.66 | 78 78 1.61 1.63 99 92 
spray 19 | 
3rd 20 
spray 21 5.86 7.64 | 79 79 1.87 2.05 91 84 


* See table I. 


treatment, a 38 per cent. reduction in carbon dioxide absorption ensued. 
Although photosynthesis partially recovered two days after the second 
spray, as it did in experiment VII, photosynthesis still remained 20 per 
cent. below the expected rate for the duration of this experiment. 

In experiment VII, a slight increase in transpiration was noted the 
first day following treatment with Bordeaux 4-6—100. In contrast to those 
results the rate of water-vapor loss was reduced the day after an applica- 
tion of spray in this investigation, but rose 25 per cent. above the expected 
rate the second day after treatment. This marked rise was only temporary, 
however, for the transpiration rate fell below the expected rate on the next 
day, July 16, where it remained after two additional Bordeaux sprays. It 
should be remembered that since the absolute rates of transpiration were 
extremely low in this experiment, often less than 1 gm. per 100 sq. cm. per 
hour, slight changes in the transpiration rate seem great when expressed 
on a percentage basis. 

A comparison of the graphs for experiments VII and VIII in figure 
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3-G and 3-H shows that although the curves for the two experiments are 
not identical the trends of both photosynthesis and transpiration are sim- 
ilar. The results of these two investigations indicate that probably several 
of the deleterious effects of Bordeaux mixture on plants growing under 
drought conditions (28) are not entirely due to a greatly increased trans- 
piration rate but, at least in part, to a reduced rate of photosynthesis. 


EXPERIMENT IX (Temp. 75° F.) 

In experiments III, IV, and VI both photosynthesis and transpiration 
completely recovered when the spray deposit was removed from both leaf 
surfaces. The results of experiment V indicate, however, that the spray 
residue on the upper surface was largely responsible for reduction in the 
rates of these two processes following applications of Bordeaux mixture to 
both leaf surfaces. 

This experiment was designed to determine whether the spray material 
on the upper, lower, or both surfaces was primarily important in inducing 
the lowered rates of photosynthesis and transpiration observed previously. 

The data for this experiment given in table 1X and figure 3—I represent 
the average rates of carbon dioxide absorption and transpiration of six test 
and six check leaves. The tree selected was a Stayman Winesap bearing 
two vigorously growing shoots. 

After the usual pre-spray relationship was established between the 
check and the test leaves, Bordeaux 4-6—100 was sprayed on the lower sur- 
face of the test leaves on March 31, April 3, and April 7. The rates of both 
photosynthesis and transpiration were not significantly influenced by these 
three treatments. Consequently, the upper surface of the test leaves was 
sprayed with Bordeaux 4-6—100 on April 11, 13, and 17. The rate of carbon - 
dioxide absorption gradually dropped succeeding each application of spray 
material to the upper surface. By April 18, the day following the third 
treatment to the upper surface, the photosynthetic rate was 22 per cent. 
below the expected rate. The transpiration rate, which was unaffected by 
three sprays of Bordeaux applied to the lower surface, was lowered some- 
what by an equal number of sprays to the upper surface. 

It was interesting to note that the removal of the spray deposit from 
the upper surface brought about an immediate recovery in both photosyn- 
thesis and transpiration (table IX, fig. 3-I). It is evident from the results 
of this experiment that the influence of Bordeaux in lowering the rates of 
photosynthesis and transpiration of apple leaves was brought about largely, 
if not completely, by spray material residing on the upper leaf surface 
rather than by spray residue existing on the lower surface. 


EXPERIMENT X (TEMP. 70° F.) 
Amos (1) observed that although the rate of photosynthesis of grape, 
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TABLE IX 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—75° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1169 
AVERAGE FOOT CANDLES ON TEST LEAVES—1372 
AVERAGE VAPOR PRESSURE—10.97 MM. or Hg 












































APPARENT PHOTOSYNTHESIS | TRANSPIRATION 33 
| Per- Per- 
CO./100 cm.?/ Ex- |CENTAGE| H,O/100 cm.?/ Ex- | CENTAGE 
— HOUR PECTED | OF EX- HOUR PECTED | OF EX- 
1900 RATE | PECTED RATE | PECTED 
Ax 100 RATE Ex 100 RATE 
SE Vy . fy | 7 , . 
Test | CHEcK B | ©x100| a. | CHECK F Gx 100 
| 120* | 114" 
A B C D E a H 
mg. | mg. | % gm. gm. % 
Mar. 29 24.69 | 20.03 | 123 103 2.04 1.71 119 104 
30 19.38 | 16.36 118 98 1.85 1.55 119 104 
31 19.95 16.74 119 99 1.97 1.87 105 92 
Average ... | 120* 100 114* 100 
Apr. 1 | 19.23 15.84 121 101 1.64 1.45 113 99 
1st 2 | 21.18 | 17.39 122 102 1.58 1.58 100 88 
spray 3 | 14.71 | 13.00 113 94 1.97 1.64 120 105 
lower$ 4 | 21.28 | 17.08 125 104 2.06 1.89 109 96 
2nd 5 | 22.03 | 18.00 122 102 2.08 1.72 121 106 
spray 6 | 
lower$ 7 16.14 13.29 121 101 2.17 1.92 113 99 
3rd 8 | 16.47 | 13.03 | 126 105 
spray 9 20.99 16.85 125 104 1.93 1.73 112 98 
lower$ 10 21.99 17.64 125 104 1.46 1.33 110 96 
Ist 1l 22.83 19.99 114 95 1.22 1.25 106 93 
spray 12 20.53 18.36 112 93 1.51 1.52 99 87 
upper$ 13 15.95 13.85 115 96 1.72 1.57 110 96 
ond 14 18.96 16.65 114 95 1.56 1.68 93 82 
00 “a 15 14.57 12.74 114 95 1.69 1.66 102 89 
spray, 16 | 18.91 | 18.16 | 104 87 157 151 104 91 
upper? 17 | 13.81 | 13.94 99 83 132 | 1.14 116 102 
3rd 18 15.29 16.25 94 78 1.50 1.54 97 85 
spray 19 | 14.21 13.85 103 86 1.67 1.57 106 93 
upper$ 20 | 13.70 14.05 98 82 1.59 1.64 97 85 
21t |. 24.85 21.02 118 98 2.05 1.77 116 102 
9o 
23 | 15.97 | 13.58 | 118 98 1.95 | 1.78 110 96 
24 | 20.56 15.78 130 108 1.81 1.69 107 94 
25¢ | 20.06 17.53 114 95 1.87 1.64 1l4 100 
26 20.61 16.13 128 107 1.51 1.42 106 93 


* See table I. 

t Spray removed from the upper surface. 

+ Spray removed from the lower surface. 

§ Either upper or lower surface of the leaf as indicated. 
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hop, and Jerusalem artichoke was reduced temporarily by a spray of Bor- 
deaux mixture, the carbon dioxide absorption eventuaily completely recov- 
ered. An effort was made in this experiment to determine whether such a 
recovery followed applications of Bordeaux mixture to apple foliage, if 
adequate time were allowed between spray applications. 

A single Stayman Winesap tree bearing two shoots which had not set 
terminal buds was employed in this experiment. The data are given in table 
X and figure 4-J. A pre-spray relationship between the check and test 


TABLE X 


THE INFLUENCE OF BORDEAUX MIXTURE 4—6—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—70° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—2268 
AVERAGE FOOT CANDLES ON TEST LEAVES—2226 
AVERAGE VAPOR PRESSURE —9.47 MM. OF Hg 





















































APPARENT PHOTOSYNTHESIS ‘TRANSPIRATION 
PER- PER- 
CO,/100 om.?/ Ex: {CENTAGE} H.O/100 cm.?/ Ex- CENTAGE 
— HOUR PECTED | OF EX- HOUR PECTED | OF EX- 
1940 RATE | PECTED RATE | PECTED 
|} Ax100|] RATE Ex 100] RATE 
Test | CHECK B Cx100 | esr | CHECK F Gx 100 
112* 109* 
| A 3 } ce te 
| = B ae : D i. oe e zd C | H 
| m g. mg. % gm. gm. | % 
May 18 | 27.77 | 25.43 109 97 | 2.54 2.37 | 107 98 
19 26.94 24.08 | 112 100 | 2.95 | 2.73 | 108 99 
2 26.85 23.46 114 102 1.58 1,42 im. 102 
Average .. 112* 100 | 109° | 100 
21 | 26.94 26.50 102 ot = | 3.5 1.89 | 114 105 
22 | 22.83 22.75 100 89 2.11 2.15 | 98 90 
1st 23 | ee 
oimae 24 | 21.34 20.35 105 94 2.3 2.16 107 98 
pray 25 | 20.47 | 20.99 98 88 2.14 2.10 102 93 
29 | 18.32 16.11 114 102 2.01 1.89 106 97 
30 20.59 18.54 111 99 1.89 1.89 100 92 
31 | 21.54 22.88 94 84 1.58 1.53 103 94 
June 1 | 19.45 19.60 99 88 1.77 1.79 99 91 
ond 2 | 19.74 19.98 99 88 2.05 1.93 106 97 
ones “ 5 20.94 21.54 97 87 189 | 1.92 98 90 
—e 6 | 2262 21.99 | 103 92 162 | 1.54 105 96 
15 | 16.99 16.33 104 | 93 2.10 2.21 95 87 
16 16.98 14.41 > A i 2.18 1.85 117 107 





* See table I. 


leaves was obtained in three days, after which a spray of Bordeaux 46-100 
was applied to both surfaces of the test leaves on May 21. A 10 per cent. 
reduction in photosynthesis ensued and remained until May 29 when the 
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Fig. 4. The effect of (J), Bordeaux mixture 4-6-1000, (K), hydrated lime 0—6-100, 
and (L), copper sulphate 4—0-100, on the rate of photosynthesis and transpiration of 


apple leaves. 


rate of carbon dioxide absorption had completely recovered. On May 30 an- 
other application of Bordeaux lowered the rate of photosynthesis 16 per 
cent. on May 31. The rate of earbon dioxide absorption continued 
below the expected rate until June 16, which was 17 days after the second 
application. At this time photosynthesis had again completely recovered. 
Transpiration was not influenced appreciably by Bordeaux mixture in this 
experiment although the rate was consistently below the expected rate. 
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The evidence presented in this experiment and also that obtained by 
Amos (1) adds support to the belief that the influence of Bordeaux in re- 
ducing the photosynthesis is only temporary and, consequently, more physio- 
logical than mechanical. 


EXPERIMENT XI (TEMP. 75° F.) 

Investigators are not in absolute accord as to whether the lime or the 
copper sulphate fraction in Bordeaux mixture is responsible for the influ- 
ence of this spray on both photosynthesis and transpiration. Thus, the effect 
of a 0-6—100 hydrated lime spray on these two processes was studied in this 
experiment. 

A single Stayman Winesap apple tree bearing two rapidly growing shoots 
was selected. The data obtained are presented in table XI and figure 4-K. 


TABLE XI 
THE INFLUENCE OF HYDRATED LIME 0—6—100 QN THE RATE OF PHOTOSNYTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—75° F. 
AVERAGE FOOT CANDLES OF CHECK LEAVES—1617 
AVERAGE FOOT CANDLES ON TEST LEAVES—1616 
AVERAGE VAPOR PRESSURE—10.97 MM. or Hg 























APPARENT PHOTOSYNTHESIS TRANSPIRATION 
PER- | PeErR- 
CO,./100 cm.* EX- |CENTAGE| H.O/100 cm/ Ex- CENTAGE 
D HOUR PECTED | OF EX- HOUR PECTED | OF EX- 
ery RATE | PECTED RATE PECTED 
” ent ATO) Me | neve Tt Soe RATE 
—— FOO = ee 00 
TEST | CHECK >» 1 - —| Test | CHECK F x=. 
107* 105* 
A B a | £ E ; e eo ee 
mg. mg. % gm. gm, % 
April 30 | 21.98 19.67 112 105 
May 1 | 28.12 27.60 102 95 2.28 2.07 110 105 
2 | 18.66 16.85 111 104 1.90 1.84 103 98 
3 | 17.55 16.81 104 97 1.79 1.72 104 99 
4 | 17.25 16.43 105 98 1.98 1.94 102 97 
Average 107* 100 105* 100 
1st § 22.13 22.09 100 93 2.68 2.66 101 96 
. aie 6 16.92 17.60 96 90 1.85 2.09 89 85 
mn 7 23.17 21.57 107 100 1.53 1.46 105 100 
8 1.60 1.59 101 96 
ond 9 18.24 17.16 106 99 
emai 10 21.80 21.22 103 96 1.85 2.09 8Y 85 
— 11 24.50 22.81 107 100 1.87 1.82 92 88 
12 23.29 21.56 108 101 2.14 2.33 92 88 
Srd 13 23.47 22.11 106 99 2.11 2.16 98 93 
“inne 14 16.19 15.10 107 100 1.47 51 97 92 
tite 13.32 105 98 1.64 1.61 102 97 


15 14.01 


* See table I. 
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They represent, as in previous experiments, the average photosynthesis and 
transpiration of six check and test leaves. After the pre-spray relationship 
was established the test leaves were sprayed with a 0-6—-100 hydrated lime 
on May 4, 7, and 12. 

The curve for photosynthesis presented in figure 4-K shows that sprays 
of hydrated lime had perhaps a slight effect on this leaf process shortly after 
the first spray but later there was no significant effect. This effect of hy- 
drated lime may have been due to its alkalinity (15). Transpiration, how- 
ever, was reduced 15 per cent. by May 10, three days after the second spray 
application. The rate of loss of water-vapor gradually recovered from this 
low value until May 15 when the rate of transpiration was within 3 per cent. 


of the expected rate. There was no injury apparent during this experiment. 


TABLE XII 


THE INFLUENCE OF COPPER SULPHATE 4—0)—100 ON THE RATE OF PHOTOSYNTHESIS AND 
TRANSPIRATION OF STAYMAN APPLE LEAVES 
TEMPERATURE—75° F. 
AVERAGE FOOT CANDLES ON CHECK LEAVES—1034 
AVERAGE FOOT CANDLES ON TEST LEAVES—1575 
AVERAGE VAPOR PRESSURE—10.97 MM. or Hg 























APPARENT PHOTOSYNTHESIS 





TRANSPIRATION 








PER | PEr- 
CO./100 cm. Ex- |CENTAGE| H.O/100 cm.?/ Ex- | DENTAGE 
p HOUR PECTED | OF EX- HOUR | PECTED | OF EX- 
4 RATE | PECTED | RATE | PECTED 
194 -+Ax100} Rave |}———————|Ex100| Ratz 
ee C x 1f neds SD 0 
TEst | CHECK B wba sen Test | CHECK F | x 100 
150* t 129° 
A B ge xa Ee F G H 
mg. mg. % gm. gm. % 
Feb. 3 20.19 13.87 146 97 1.24 0.93 133 103 
4 14.56 9.30 156 104 1.84 1.45 127 98 
5 13.74 9.3 148 99 1.52 1.20 27 98 
Average 150* 100 129* 100 
6 14.16 10.57 134 89 1.84 1.57 117 91 
lst 7 12.43 8.23 151 101 0.88 0.67 131 102 
spray 8 12.71 9.20 138 92 1.67 1.32 27 98 
9 15.37 12.84 120 80 1.60 1.44 111 86 
10 17.55 14.21 124 83 1.78 1.56 114 88 
2nd 11 19.02 15.82 120 80 1.72 1.42 121 94 
spray 12 8.72 7.46 117 78 1.64 1.51 109 84 
13 11.15 9.39 119 79 2.03 1.69 120 93 
3rd 14 9.32 7.84 119 79 1.73 1.56 111 86 
spray 15 13.73 11.41 120 80 2.39 2.12 113 88 
16¢ | 11.95 10.82 110 73 1.63 1.31 124 96 
17 | 13.09 | 10.36 126 84 1.79 1.58 113 88 


* See table I. 
t Spray removed from both surfaces. 
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EXPERIMENT XII (Temp. 75° F.) 


This investigation was designed to determine how copper sulphate 
40-100 affects photosynthesis and transpiration of apple leaves. Two of 
the three Stayman trees employed were growing in a dark clay loam soil, 
while the third tree was rooted in a sandy loam. All trees had formed ter- 
minal buds. According to the usual manner, the six check and six test leaves 
were evenly distributed over these three trees. 

The data as given in table XII and figure 4-H show that by February 9, 
four days after the first application of a 40-100 spray the rate of photo- 
synthesis was reduced 20 per cent. No visible copper injury on the test 
leaves was evident at this time. Injury appeared, however, after the second 
copper sulphate spray. On February 11 purple spots similar to those de- 
seribed by CRANDALL (7) were visible on the upper surface of most of the 
sprayed leaves. The rate of carbon dioxide absorption by the leaves, how- 
ever, was not reduced further even after the appearance of this visible injury 
or by a third spray of copper sulphate. 

As figure 4—L also shows, the influence of copper sulphate on transpira- 
tion was quite similar to its effect on photosynthesis but the reduction was 
of a lesser magnitude. On February 15, both surfaces of the leaves were 
wiped with moist absorbent cotton. No significant change in either photo- 
synthesis or transpiration followed this operation. 

The results obtained on the influence of hydrated lime and copper sul- 
phate on photosynthesis indicate that the reduced rate of carbon dioxide 
absorption following applications of Bordeaux is due primarily, if not en- 
tirely, to the presence of copper in the Bordeaux mixture. Transpiration, 
however, appears to be lowered by both copper sulphate and hydrated lime. 


Discussion 


From the results presented in this paper it seems apparent that Bordeaux 
mixture has at least a temporary retarding influence on the rate of photo- 
synthesis of apple leaves. Regardless of the temperature, humidity, light 
intensity, or soil moisture conditions photosynthesis was eventually more or 
less reduced by applications of Bordeaux. However, in the absence of vis- 
ible injury, such as that which occurred on the Bordeaux sprayed leaves at 
temperatures of 50 and 60° F., the rate of photosynthesis completely recov- 
ered whenever the Bordeaux residue was removed from the treated leaves. 
Horrman (14) also noticed that when photosynthesis was reduced by ap- 
plications of Bordeaux mixture to apple foliage, the rate of carbon dioxide 
absorption recovered to its pre-spray relationship following spray removal. 
He suggested that the shading influence of this spray material probably was 
sufficiently great to retard the rate of photosynthesis. In an effort to deter- 
mine what effect residues of Bordeaux mixture and its component parts have 
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in reducing the intensity of light falling on a leaf, three sprays of Bordeaux 
46-100, hydrated lime 0—-6—100, and copper sulphate 4-0—-100 were applied 
to separate sheets of cellulose acetate and the intensity of light passing 
through the residues and sheeting was measured with a Weston photometer. 
The results are given in table XIII. 


TABLE XIII 


THE EFFECT OF DEPOSITS OF BORDEAUX MIXTURE AND ITS COMPONENT PARTS ON THE 
AMOUNT OF LIGHT PASSING THROUGH A SHEET OF CELLULOSE ACETATE PAPER 


PERCENTAGE REDUCTION IN LIGHT INTENSITY 
NUMBER OF 


COPPER 
SPRAYS BorRDEAUX HYDRATED LIME Peres we 
4—6-100 0-6—-100 eS 
4—0-—-100 
| /o % % 
1 14.8 12.3 0.0 
2 22.5 17.5 1.3 
3 27.5 22.5 1.5 


The results obtained from one application of Bordeaux and hydrated 
lime are quite similar to those of Hyrg (16) who recorded a reduction of 11.9 
per cent. in light intensity after a single spray of Bordeaux 8-8—100, and 
11.2 per cent. reduction following a spray of hydrated lime 0—8—100. 

HEINIcKE and Horrman (13) found from their experiments with apple 
leaves that, under field conditions, 1200 foot candles of light were sufficient 
for maximum rates of carbon dioxide absorption. If it is assumed that 
about 1200 foot candles were adequate for maximum rates of photosynthesis 
in these experiments, and that the effect of Bordeaux in retarding photo- 
synthesis is purely mechanical shading, then a reduction in the light inten- 
sity reaching the test leaves of 27.5 per cent., due to three sprays of Bordeaux 
46-100, should have no measurable influence on the rate of photosynthesis ; 
for example, in experiment V. In this particular experiment the light fall- 
ing on the test leaves prior to spraying averaged 3667 foot candles, yet the 
rate of carbon dioxide absorption was reduced considerably by only one ap- 
plication of Bordeaux 46-100. The results obtained previously by Amos 
(1) and those presented here in experiment X show that the effect of Bor- 
deaux in depressing photosynthesis may be only temporary. This was 
brought out in these experiments, since several days after applications of 
Bordeaux were made the rate of carbon dioxide absorption recovered even 
though the spray residue was not removed. If either the light intensity or 
the quality reaching the treated leaves was reduced or altered by Bordeaux 
sufficiently to reduce photosynthesis, it would not seem reasonable to expect 
that the rate of this process would regain its pre-spray status as long as the 
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Bordeaux spray deposit remained on the test leaves. The data indicate, 
therefore, that the primary retarding influence of Bordeaux mixture on 
apple leaves was not caused by mechanical shading of the test leaves by Bor- 
deaux, but by some physiological effect brought about by the chemical 
mixture. 

Since under the conditions of these experiments, hydrated lime did not 
appear to have a detrimental influence on the rate of photosynthesis while 
copper sulphate distinctly retarded the process, it would seem logical to 
assume that the copper fraction within Bordeaux was the main causative 
factor in reducing photosynthesis. The diffusion of copper into the leaf 
tissue could occur only if copper were present in a soluble form. Therefore, 
it might seem that no soluble copper would be present in a 46-100 Bordeaux 
which contains more than enough lime to precipitate all the copper sulphate 
present. Pickertne and Beprorp (24) observed, however, that even a Bor- 
deaux which contained an excess of lime released soluble copper upon weath- 
ering. That copper is known to penetrate the tissues of a leaf in appreciable 
amounts has been shown by DeLone (8). Leafhoppers (Empoasca fabae) 
which were allowed to feed upon Bordeaux-sprayed bean leaves died within 
4 to 5 days of a characteristic ‘‘ Bordeaux poisoning.’’ This likewise oc- 
curred when leaf-hoppers were confined to feeding upon unsprayed portions 
of sprayed leaves. FRANK, KruGER, and Ewert, as quoted by Lutman (18), 
and BuTuer (3) all observed that Bordeaux-treated leaves retained starch in 
their chloroplasts longer than those leaves left untreated. E/wert as quoted 
by Lutman (18) showed that the action of diastase was retarded by copper 
compounds, resulting in the increased accumulation and retention of starch 
in the chloroplasts. This accumulation he attributed not to any increase in 
starch manufacture following applications of Bordeaux but rather to a de- 
crease in the rate of starch hydrolysis. In order to check the results of 
workers just mentioned, applications of Bordeaux 4—6—100, hydrated lime 
0—6—100, and copper sulphate 4—0-100 were made at three-day intervals until 
several leaves on Stayman Winesap trees in the greenhouse had received 
three treatments of one of the aforementioned sprays. Two days after the 
third spray had been applied the trees were moved to a dark room. By ex- 
tracting the chlorophyll from the leaves with alcohol and then testing them 
for starch with an I, KI solution according to Sacus’s method, it was possible 
to determine whether the sprayed leaves retained starch longer than similar 
untreated checks. The results obtained from these leaves sprayed with 
copper sulphate were fairly striking. Starch was retained in the treated 
leaves long after starch had escaped from the checks. Bordeaux-sprayed 
leaves in a few cases appeared to possess starch after the checks were free of 
starch but in no instance were the results as marked as those found in copper 
sulphate treated leaves. The leaves treated with hydrated lime did not 
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appear to retain starch any longer than the checks, although Butter (3) 
states that potato leaves treated with milk of lime retained starch somewhat 
longer than the untreated checks. Since the concentration of soluble copper 
in a Bordeaux spray would be only a small fraction of that in a copper sul- 
phate 40-100 spray, it would seem logical to expect that more copper would 
penetrate the leaf tissues immediately following a spray of copper sulphate 
than one of Bordeaux. If the degree of diastase inactivation is directly re- 
lated to the concentration of soluble copper present in the leaf, starch would 
probably accumulate and be retained to a greater degree in those leaves 
treated with copper sulphate as compared with those sprayed with Bordeaux. 
Miner (23) states that it is generally considered that an accumulation of 
starch within the chloroplasts impairs their activity by interfering with the 
photosynthetic process which some believe occurs at the surface of the 
plastids. The reduction in photosynthesis following applications of Bor- 
deaux mixture, therefore, may be directly related to a greater accumulation 
of starch in the treated leaves. The results of experiment X, however, indi- 
eate that the influence of Bordeaux in lowering the rate of photosynthesis 
may be only temporary since the rate of carbon dioxide absorption regained 
its pre-spray status about two weeks after spray treatment even though the 
spray residue remained untouched on the leaves. If the inactivation of 
diastase, a consequent increase in starch accumulation, and a reduced rate 
of photosynthesis result from the presence of soluble copper in the leaf 
tissues, it would not seem reasonable to expect the rate of carbon dioxide 
absorption to recover until the concentration of soluble copper was either 
reduced or converted to a form that no longer had an inactivating effect on 
diastase. Mapger and Buiopeerr (19) found that potato plants sprayed with 
Bordeaux possessed tubers which contained from 2.5 to 5.5 p.p.m. of copper 
while unsprayed checks contained only 2.0 to 2.5 p.p.m. of copper. This 
fact clearly shows that copper from Bordeaux not only penetrates leaf tissues 
but remains at least partially mobile therein. MAQUENNE and Demoussy as 
quoted by Wuuis (27) state that calcium favors the diffusion of copper into 
aerial portions of plants and probably also prevents, within limits, its undue 
accumulation. Since the amount of soluble copper in Bordeaux would, in 
all probability, be greatest immediately after spraying, a sufficiently high 
concentration of copper might diffuse into, and remain within, the leaf tissues 
at this time to retard diastase activity, cause starch to accumulate, and 
depress the rate of photosynthesis. The amount of soluble copper diffusing 
into the leaf would gradually decrease as the concentration of soluble copper 
in the Bordeaux on the leaves decreased. Since the copper penetrating the 
leaf tissues appears to remain at least partially mobile therein, the rate of 
movement of soluble copper out of the leaf tissue might eventually exceed 
the inward movement of copper from the Bordeaux residue upon the leaf 
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surface. When the concentration of interna! copper was no longer suffi- 
ciently great to inactivate diastase, the rate of photosynthesis would theo- 
retically recover to its pre-spray status even though the Bordeaux spray 
deposit remained intact on the leaves. If the spray residue were removed 
within 3 to 5 days after spraying and no visible injury resulted, as in the 
experiments performed at 70° F. and above, the recovery in photosynthesis 
which followed such treatment might have been due to the removal of the 
diffusible copper remaining in the spray sediment on the leaf. 

In the mass of literature concerned with the effects of Bordeaux on 
transpiration, a number of theories have been proposed as explanations of 
the mechanism involved. Since the results obtained by the investigators 
are not in complete accord, it is not surprising that their theories are some- 
what conflicting. LeBANDER as quoted by Miniter (23) suggests that cer- 
tain light rays are excluded by the Bordeaux residue on the sprayed leaves, 
thus reducing transpiration. Martin and CuarK (20) suggest that absence 
of increase in transpiration of potato leaves after a second application of 
Bordeaux mixture was due to the clogging of the stomata by the spray par- 
ticles. This theory has been partially substantiated by the later work of 
KravuscuHe and Gitpert (17) who definitely show that increase in transpira- 
tion following applications of Bordeaux are not due to increases in stomatal 
transpiration. They found, in fact, that applications of Bordeaux to the 
lower surface of tomato leaves, where the stomata are most numerous, re- 
sulted in a reduced rate of transpiration during the day. It was thought 
by Butuer (3) that Bordeax and milk of lime were opaque to radiations of 
long wave lengths, ‘‘therefore, under conditions favorable for radiation, 
sprayed plants cool less rapidly than non-sprayed plants and thus transpire 
more freely.’’ This assumption does not appear sound since TrLForD and 
May (26) comparing the temperature of Bordeaux sprayed potato leaflets 
with untreated leaflets in the sun, found by means of thermocouple mea- 
surements, that leaflets sprayed with a 44-50 Bordeaux averaged 1.45° C. 
lower in temperature than the unsprayed leaflets. They also observed that 
the whiter the spray, the greater the cooling effect. WrLson and RUNNELS 
(29) suggest that ‘‘the accelerating influence of a Bordeaux film on the 
transpiration rate is due chiefly to a change in the rate of cuticular tran- 
spiration.’’ Horsratt and Harrison (15) have combined the ideas as pre- 
sented by Martin and Cuark (18), Krauscue and GiuBert (17) and WiL- 
son and RuNNELS (29) by stating that ‘‘Bordeaux mixture has a two-way 
action on transpiration—it accelerates cuticular transpiration and curtails 
stomatal transpiration.’’ They also believe that ‘‘the alkalinity of Bor- 
deaux saponifies the cuticle and decreases its resistance to water loss.”’ 

Under the conditions of these experiments both stomatal and euticular 
transpiration of mature apple leaves were measured simultaneoulsy. Ex- 
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cept for a single determination in each of the experiments concerned with 
Bordeaux’s influence on transpiration under drought conditions, Bordeaux 
mixture and its component parts appeared to have either no effect or a 
retarding influence on the rate of transpiration in all experiments. If it 
is assumed that Bordeaux mixture has a retarding influence on stomatal 
transpiration and an accelerating effect on cuticular transpiration (15), 
the lowered rates of foliar transpiration observed in these experiments 
might be due in part to the depressing effect of Bordeaux on stomatal tran- 
spiration. The rate of loss of water vapor from the cuticle in most species 
of plants in the temperate zone is less than 10 per cent. of the total foliar 
transpiration (22). It appears, therefore, that even though cuticular 
transpiration may have been somewhat accelerated by Bordeaux, the effect 
was not of sufficient magnitude to counterbalance the depressing influence 
of this spray on stomatal transpiration. Most other investigators who have 
proposed that Bordeaux mixture increases the rate of cuticular transpira- 
tion have conducted their research on relatively young herbaceous plants 
such as Coleus, potato, and tomato which have a relatively thin cuticle as 
compared with that on mature apple foliage. Consequently, the corroding 
effect of Bordeaux on mature apple leaves may not be sufficient, in most 
cases, to greatly alter the rate of cuticular transpiration. 

Although the stomata may be partially ‘‘clogged’’ by the spray residue, 
and thus tend to reduce stomatal transpiration, the results of TruFPorD and 
May (26) offer another explanation for a general reduction in transpira- 
tion due to a Bordeaux spray. If, in the experiments reported here the tem- 
perature of Bordeaux-sprayed leaves was lowered from 1 to 2° C., as they 
state in case of sprayed potato leaflets, a significant change in the vapor 
pressure gradient between the leaf and the external air would have taken 
place. Curtis (6) shows that a 1 to 2° C. reduction in leaf temperature, 
between a range of 10 and 40° C., is equivalent to raising the external 
humidity as much as 5 to 14 per cent. Since the rate of transpiration is 
governed by the steepness of the vapor pressure gradient existing between 
the intercellular spaces and the external atmosphere, any comparative de- 
crease in vapor pressure within the leaf, other conditions remaining con- 
stant, would reduce this gradient and lower the rate of transpiration. 
Under the conditions of some of the experiments presented here this mecha- 
nism might have been sufficiently important to be responsible, in part, for 
significant reductions in the rate of transpiration of leaves sprayed with 
Bordeaux and hydrated lime. 

On the basis of the results in this paper which show a reduction in tran- 
spiration of apple leaves due to Bordeaux Mixture, it is diffieult to explain 
an observation made by ANDERSON (2) who noted in Illinois during a dry 
summer period that apple trees sprayed with Bordeaux mixture wilted 
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soon after the spray application while nearby unsprayed trees showed no 
signs of wilting. Trees sprayed with Bordeaux plus oil, however, appeared 
similar to the unsprayed trees. Although it would seem that the oil coun- 
teracted an increase in transpiration due to the presence of Bordeaux alone 
on the leaves (28), this may not be the sole or correct answer. It has been 
shown by the results obtained here and elsewhere (3, 18) that the presence 
of soluble copper on the leaf results in its penetration and partial hindrance 
to the change of starch to sugar and translocation of elaborated materials 
out of the leaf. If this should be the case, leaves sprayed with Bordeaux 
probably would have a lower diffusion pressure deficit between the meso- 
phyll cells of the leaves and the soil solution, as compared with unsprayed 
leaves of the check trees. Hence, sprayed leaves may wilt because of their 
inability to obtain as much water as the unsprayed leaves, even though 
their transpiration rates were approximately the same as those of the 
checks. The presence of oil in the spray mixture may reduce the amount of 
soluble copper entering the leaf and thus its resulting effect on diastase 
activity. 

In this connection it might be mentioned also that the wilting of Bor- 
deaux sprayed trees growing under drought conditions may be due to the 
more rapid entrance of soluble copper into the leaf when the leaves are in a 
more or less flaccid condition. The toxic action of the copper, when the 
leaves are in a somewhat wilted condition, may bring about a partial loss 
of semi-permeability of the cell membranes of the sprayed leaves. When 
the leaves are in a turgid condition, it is assumed that this would not be the 
ease and under such conditions there actually would be a reduction in 
transpiration as shown in this paper. That this may be the case is sug- 
gested in the results of experiments VII and VIII where apple leaves showed - 
in both experiments a slight increase in transpiration a day or two after the 
Bordeaux had been applied to young apple trees growing under low soil 
moisture conditions. Whether this temporary, slight increase in transpira- 
tion is important in the total effect may be doubted; but at least it suggests 
another angle to the problem which should be investigated further. There 
appears to be a concensus of opinion among fruit growers in Ohio, Indiana, 
and Illinois that the presence of Bordeaux on apple leaves during a dry 
period in summer results in increased yellowing and dropping of foliage. 
It would seem from the results presented here that this yellowing and drop- 
ping of leaves could not be explained entirely, or perhaps at all, by a 
greatly increased transpiration by the Bordeaux-treated trees. 


Summary 


1. The influence of Bordeaux mixture and its component parts on the 
rate of photosynthesis and transpiration of Stayman Winesap apple leaves 
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was measured in an environment-control chamber where temperature, light, 
and humidity were controlled. 

2. Under the conditions of these experiments photosynthesis was re- 
duced at least temporarily by applications of Bordeaux mixture regardless 
of the temperature, light, humidity, or soil moisture conditions. 

3. The data presented indicate that the influence of Bordeaux mixture 
on the photosynthetic process is primarily physiological rather than mechan- 
ical. The soluble copper fraction within Bordeaux appears to be directly 
related to the retarding effect of this spray on photosynthesis. 

4. The results of these experiments indicate that the temperature at 
which Bordeaux may be expected to instigate visible injury to apple foliage 
lies between 60° and 70° F. 

5. The transpiration rate of illuminated mature apple leaves appears to 
be uninfluenced or somewhat depressed by Bordeaux mixture and its com- 
ponent parts. 

6. The general effect of Bordeaux mixture applied to young apple trees 
growing under low soil moisture conditions was a slightly reduced rate of 
transpiration. 


The authors are indebted to Dr. J. H. Gourtey for helpful suggestions 
and for securing outside financial aid in carrying out these experiments. 
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FORMIC ACID FORMATION IN ALCOHOLIC FERMENTATION 
L. A. Hont AND M. A. JOSLYN 


(WITH ONE FIGURE) 


Introduction 

The possible occurrence, origin, and réle of formie acid in alcoholic 
fermentation has been a particularly controversial subject. Kruis and 
RayMAn (26) observed formic acid in fermented liquids and attributed it 
to a direct action of air upon some constituent of the wort. The majority 
of the investigators who have observed the presence of this acid in fermented 
liquids, however, believed it to play some role in the fermentations of sugar 
by veast. Among these were LIEBERMANN (27), Kiticsan (23), DucLAux 
(5), KHoupaBAcHIAN (22), THomas (37), FRANZEN and SteppuHn (16, 17), 
Kostycuev (25), Esau (9), and Jostyn and Dunn (20). Formie acid or 
formate utilization by yeasts has also been reported by Duciaux (5), 
THoMAs (37), FRANZEN and SteppuHN (16, 17), FRaNzeN (14), and NEv- 
BERG and Tir (30). On the other hand, PaAkgs and JoLLYMAN (33) failed to 
detect any formate utilization by yeasts. Formate utilization by bacteria 
has been well established by OMELIANSKy (31), FRANZEN et al. (12, 13, 15), 
Grey (18), and Pakes and JoLtyMAn (33). 

DucLavux (5) suggested that yeasts produced formic acid when grown 
under unfavorable environmental conditions. Formic acid was considered 
as an intermediate in alcoholic fermentation according to a theory developed 
by Wout (44) and extended by ScuApr (34). Enruicn (7, 8) favored the 
WOHL-ScCHADE hypothesis, although he suggested that formic acid could be 
obtained from amino acids, ammonia, and also an aldehyde of the next lower 
acid in the particular series being formed. Lés (8) objected to SCHADE’s 
hypothesis on the basis that the latter’s reactions occur under entirely dif- 
ferent chemical conditions than are required for alcoholic fermentation. 
FRANZEN and STEPPUHN (16) reported that there was initially a slight ac- 
cumulation of formic acid and subsequently a decrease in media containing 
formates. This, however, does not constitute evidence, as they believed, for 
its role as intermediate in alcoholic fermentation (10). NruUBERG and KrrsB 
(29) testing the ScuapE hypothesis, failed to obtain alcohol from mixtures 
of formates, acetaldehyde, and yeast. Kostycney (25) did not regard 
formic acid as a fermentation product, but rather as a product of endogenous 
metabolism of the cell. THomAs (37) inclined toward the view that the 
production of formic acid is intimately bound up with the breakdown of 
sugar but OPPENHEIMER (32) did not believe that formic acid played any 
role in normal aleoholic fermentation. 


705 
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WIELAND and SonperHorr (40) have indicated recently that formic 
acid occurs among the products of aerobic and anaerobic decomposition of 
citric acid by impoverished yeast, but bacterial contamination was found. 
In recent years, formic acid has not been generally regarded as an inter- 
mediate product of alcoholic fermentation; its occurrence, origin, and réle 
still remain unknown. 

A study of formic acid formation and utilization by certain yeasts was 
made and it was found that insignificant quantities of formie acid are 
formed when particular care is taken to avoid bacterial contamination of 
fermentation mixtures. Some evidence for utilization of formic acid is 
presented. 


Methods 


In addition to the two yeasts, 66 and Burgundy, used in an earlier in- 
vestigation in this laboratory by JosLyn and DuNN (20), five other closely 
related strains of yeast were used. They were all found, when classified 
according to the methods of STexLInc-DEKKER (36), to be strains of Sac- 
charomyces cereviseae (HANSEN) DEKKER. The Champagne strain, as well 
as Burgundy, was originally from the collection of Pacorrrr of France (2). 
Numbers 2338 and 2368 were obtained from the American Type Culture 
Collection in July, 1937. The former was labelled Saccharomyces ellip- 
soideus and the latter, Saccharomyces cereviseae. The Tokay strain of this 
laboratory was originally from California Fruit Industries, Ltd. Yeast 
number 66 was isolated by CrugEss (4) and the Frei Brothers’ (FB) strain 
was isolated by the writers from a naturally fermenting vat of wine at Frei 
Brothers’ Winery, Healdsburg, California, 1935 vintage. 

The media used for the experiments included both natural media, grape 
juice and wort, and an artificial medium which was a modification of 
Williams and Saunder’s medium (41) with the rare elements and asparagine 
replaced by a small quantity of yeast extract. This artificial medium con- 
tained 200 grams dextrose, 3 grams ammonium sulphate, 2 grams potassium 
acid phosphate, 0.25 grams CaCl,:2H.O, 0.25 grams MgSO,, and 30 ml. 
yeast extract per liter; the yeast extract contained 0.25 per cent. nitrogen, 
and 1.5 per cent. total solids. 

The media were bottled in cotton stoppered bottles of suitable size for 
each respective experiment and sterilized in flowing steam for a period of 
one hour on each of three successive days. 

Yeast starters were generally prepared by transferring a loopful of yeast 
from a young stock agar slant to a small volume of the particular medium 
to be used in the experiment. This was transferred after two or three days 
to another portion of the same medium. After two more days the experi- 
mental media were inoculated, using serological pipettes, with a volume of 
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this second culture, amounting to one per cent. of the volume of the medium 
being inoculated. The fermentations were conducted at room temperature, 
18 to 25° C. (average 22°). 

The total volatile acidity was determined in duplicate by titrating in the 
hot 100 ml. of steam distillate from a 10-ml. sample. Formie acid was de- 
termined by the total extraction mercury reduction method of von FELLEN- 
BERG (11) using 50-ml. samples. In addition, the Dyer (16) distillation 
procedure for formic acid determination was used on a few of the samples. 
pH was determined by the quinhydrone electrode. Sugar was determined 
by Hassip’s (19) modification of WHITMOYER’s procedure. 

Most of the fermentations were made in duplicate. There was close 
agreement between duplicates and only the averages are included in the 
tables. 


Data and discussion 
FORMIC ACID FORMATION DURING FERMENTATION OF GRAPE JUICE 


Tall eight-liter bottles fitted with sampling tubes, were filled with six 


- liters of Thompson Seedless grape juice having 116 milli-mols total reducing 


sugar (as dextrose), 0.12 milli-equivalents total volatile acid, and 0.08 milli- 
equivalents formic acid per 100 ml.; the pH was 3.67. Samples of approxi- 
mately 100 ml. were withdrawn at intervals, determined by the relative rate 
of fermentation, over a total period of 75 days (table 1). The yeasts were 
removed from the samples by centrifuging, and they were then frozen and 
stored at —18° C. until analyses could be made. When the last sample had 
been withdrawn, the yeast sediment was examined microscopically. In ad- 
dition dilution plates and streak plates were made on suitable media to 
verify the purity of the cultures. No contaminants were found. : 
The data obtained for two of the yeasts, 66 and Champagne, are sum- 
marized in table I. The rapid rise in total volatile acidity during the fer- 
mentation of the first half of the sugar is in agreement with the results 
reported in a previous paper (20). Individual differences as to total 
amount and relative rate of formation occurred among the seven strains, but 
the general trend was similar for all the strains. A study of the formic acid 
data reveals that, except possibly in the initial stages of fermentation, there 
was little, if any, accumulation of formic acid. In order to determine 
whether the substance from the initial medium which caused the precipita- 
tion of calomel was actually formic acid, an ether extract was tested with 
cerous nitrate (1, 24) and characteristic crystals were formed, indicating 
that formic acid was present. The quantities of formic acid present in the 
medium at the various stages fluctuated somewhat irregularly, especially 
at the beginning of fermentation. This may have been due to a variety of 


causes, among which sampling error, analytical error, or physiological ac- 
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TABLE I 


FORMIC ACID FORMATION DURING THE FERMENTATION OF GRAPE MEDIUM 
(YEASTs 66 AND CHAMPAGNE) 


SUGAR UTILIZED PER TOTAL VOLATILE ACID | FORMIC ACID PRESENT 
Tee 100 ML. FORMED PER 100 ML. PER 100 ML. 
66 CHAMPAGNE 66 CHAMPAGNE 66 CHAMPAGNE 
m. mol, m. mol, m. eq. m. eq. m. eq. m. eq. 
0 hr. 0.08 0.08 
a 4 0.04 0.01 0.15 0.07 
24 *s 7 1 0.29 0.11 0.26 0.08 
36 ** 20 12 0.49 0.49 0.26 0.08 
48 ‘* 41 15 0.56 0.68 0.07 0.10 
59 *s 49 18 0.62 0.83 0.05 0.11 
> Wide 52 25 0.59 0.98 0.07 
83 ** 65 25 0.63 1.01 0.11 
96 ** 75 0.62 1.09 0.18 
108 << 76 43 "0.65 1.17 0.10 0.06 
120 <¢ 82 58 0.62 1.21 0.11 0.07 
6 days 89 63 0.65 1.21 0.07 
ee 94 77 0.69 1.26 0.09 0.06 
more 96 81 0.70 1.27 0.05 
9 «6 99 83 0.68 1.27 0.07 0.04 
te 104 101 0.70 1.33 0.05 0.06 
i. ** 109 104 0.76 1.32 0.05 
ia 109 108 0.73 1.30 0.03 0.05 
- 113 112 0.74 1.33 0.03 
36 114 113 0.72 1.33 0.04 
ie 114 114 0.73 1.35 0.03 0.03 
3B 115 0.70 1.36 0.05 0.05 
46 ‘* 115 115 0.79 1.37 0.05 
60 ** 115 115 0.76 1.38 0.03 
ta * 115 115 0.75 1.34 0.01 0.04 


tivity of the yeast are to be considered. At the time of sampling, the fer- 
mentation mixture was rotated gently to produce a uniform sample without 
unduly aerating the fermentation. This might not have been a sufficient 
precaution to avoid slight fluctuations in the experimental results due to 
sampling errors. Since the quantity of formic acid present in any of the 
samples was very small, any errors in the analyses would have been magnified 
when the results were calculated. If the possible sources of error are dis- 
regarded, the data in table I indicate that there was a slight formation of 
the acid in the early stages of fermentation followed by utilization. This 
was much more marked for yeast 66 than for any of the other yeasts. The 
actual amount of formic acid found at any particular stage of the fermenta- 
tion probably represents a balance between formation and decomposition 
with slight accumulation in the medium in the initial stages of the fermenta- 
tion; that this was followed by utilization of the acid, is in agreement with 
the results of FRANZEN and SteppunmN (1, 16). 


In figure 1 the solid lines show these data obtained from the grape juice 
5 a 
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medium. The total volatile acid formed, and formic acid present, are 
plotted against the sugar utilized. For yeast 66 both these curves are 
shown, while for Champagne yeast only the formic acid curve is shown. 
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Fic. 1. Volatile acid formation in relation to sugar utilization (yeast 66). 


FORMIC ACID FORMATION DURING FERMENTATION OF THE ARTIFICIAL MEDIUM 


Seven lots of the artificial medium having 106 milli-mols reducing sugar 
and 0.15 milli-equivalents formic acid per 100 ml. (pH 4.38) were fermented 
by the seven yeasts and samples were withdrawn as in the grape juice ex- 
periment. In table II, the analyses of the respective samples withdrawn 
from the fermentation by yeasts 66 and Champagne are summarized. In 
figure 1 the data for yeast 66 are plotted at half scale (broken lines). 

The pH of the artificial medium dropped rapidly and continuously from 
near pH 4.0 to somewhat below pH 3.0; that of the grape medium remained 
nearly constant (about 3.5). Total volatile acid production was consider- 
ably higher in the artificial medium than in the grape medium. Its rate of 
accumulation was lower but this may be correlated with a lower rate of 
sugar utilization. Here, as in the grape medium, most of the volatile acidity 
had accumulated when the sugar content had been reduced to half. 

The formic acid data in table II and figure 1 show that the initial arti- 
ficial medium contained more formic acid than was present at any subse- 
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TABLE II 


FORMIC ACID FORMATION DURING THE FERMENTATION OF ARTIFICIAL MEDIUM 
(YEASTS 66 AND CHAMPAGNE) 
































SUGAR UTILIZED PER | TOTAL VOLATILE ACID FoORMIC ACID PRESENT 
TIME 100 ML. FORMED PER 100 ML. PER 100 ML. 
66 CHAMPAGNE | 66 CHAMPAGNE | 66 CHAMPAGNE 
m. mol. m. mol. mM, eq. Mm. eq. Mm. eq. mM. eq. 
0 hr. ca Pee 0.15 0.15 
24 * 3 0 0.06 0.09 
a ** | 7 5 } 0.21 0.27 
60 ** 13 5 0.25 0.34 0.13 
72 *6 7 9 0.31 0.42 0.11 
84 * 9 15 0.38 0.54 
96 *é 13 18 0.46 0.62 0.10 | 0.11 
108 ‘ 17 22 0.48 0.75 0.12 0.11 
120 ** 19 2: ‘ 0.55 0.79 0.12 
6 days 23 33 0.63 0.95 0.14 0.12 
7 * 28 41 0.74 1.16 
g a 50 0.79 1.27 0.17 0.13 
9 35 56 * 0.90 1.38 0.05 
10 ¢¢ 46 64 0.99 1.40 0.10 0.04 
1 Be. 47 | 72 1.06 1.52 : 0.04 
$..*¢ 49 | 80 1.07 1.48 0.02 
ae S* 58 87 1.13 1.63 0.10 0.01 
14°“ 61 93 1.18 1.52 0.02 
ae“ 73 101 1.26 1.63 0.08 0.01 
18 ‘¢ a 103 1.37 1.60 0.03 
m * 90 104 1.34 1.62 0.02 
23 *¢ 99 104 1.37 1.62 0.01 
> de | 104 | 104 1.40 1.60 0.01 
ae «* | 106 104 1.42 1.59 0.00 
38. =| 106 | 104 36 1.61 0.01 
45. * | 106 104 1.40 1.62 0.01 0.00 





quent stage of the fermentation. Thus any production of this acid by the 
yeast during fermentation was masked by greater utilization of it. All 
seven strains of yeast gave very similar results with respect to formic acid 
production in this medium. 


EFFECT OF CARBON AND NITROGEN SOURCE UPON FORMIC ACID FORMATION 


In order to determine what effect, if any, carbon source and nitrogen 
source had upon formic acid formation several natural and artificial media 
were fermented for one month with three of the strains of yeast (numbers 
66, 2368, and Champagne). The natural media were white and red grape 
juice, diluted white grape concentrate, and wort. For the artificial media, 
the basic medium was modified. In one series the carbon source was always 
200 grams of cerelose per liter and the nitrogen source was varied so that the 
total amount of nitrogen added was always the same. In another series 
the nitrogen source was always three grams of ammonium sulphate per 
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liter and the carbon source was varied, always using 200 grams per liter of 
the respective sugar. The formic acid contents of the final samples of these 
fermentations, one month after inoculation, ranged from 0.0 to 0.19 milli- 
equivalents per 100 ml. With the exception of the B-alanine, cerelose, and 
red grape juice fermentations the formic acid contained in these final media 
was negligible (0.01 to 0.06 milli-equivalents per 100 ml.). In B-alanine the 
final amount of formic acid was almost identical with that initially present. 
This is probably due to the failure of the yeasts to ferment in this medium, 
and indicates that formic acid is normally utilized to a greater extent than 
it is produced in active fermentation. In red grape juice the final quantities 
of formic acid were somewhat higher than in the other media, (averaging 
0.15 milli-equivalents per 100 ml.). This was close to the initial amount 
present. 

THomAs (38), while believing that formic acid was formed from sugar, 
found that its accumulation was considerably increased in media containing 
amides. In these experiments, the only amide used was asparagine and the 
results with it do not show any such relationship. 


FORMIC ACID UTILIZATION 


The evidence from previous experiments indicated that any formie acid 
which might have been formed by these yeasts was destroyed almost as 
rapidly as it was formed. If there was any accumulation of it in the media 
it oceurred very early in the course of fermentation and was followed by 
more or less complete destruction. Since the quantities of formie acid found 
were small in any of the media, further experimental evidence was required 
to determine whether this acid was actually destroyed by these yeasts. 
Therefore, a series of media was prepared having the following compositions : 

(a) Basie artificial medium. Control. 

(b) Basie artificial medium plus 0.1 per cent. formie acid. 

(c) Basie artificial medium without cerelose, plus 0.1 per 

cent. formic acid. 

To media (b) and (ec) sufficient sodium hydroxide solution was added to 
bring their pH to that of medium (a) (7.e., 3.45). Again only three strains 
were used—66, 2368, and Champagne. In order to insure vigorous cultures, 
these media were inoculated with five per cent. by volume of cultures of the 
respective yeasts which had grown on grape juice for two successive three 
day periods. One series of these media was analyzed immediately after in- 
oculation for pH, total volatile acid, and formic acid. Another series of 
duplicate samples was analyzed after one month of fermentation. The Brrx 
degree of these final samples was also recorded as an indication of the ap- 
proximate quantity of residual sugar. The results of these initial and final 
analyses are summarized in table ITT. 
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TABLE III 


FORMIC ACID UTILIZATION 


























ForRMIC ACID : TOTAL VOLATILE vex.serist 
PRESENT PER ForMIC ACID PRESENT ACID FINAL 
YEAST | MEDIUM 100 ML. ACID | 100 ML. ventrin oarx 
UTILIZED | | per 100 
INITIAL | FINAL | InrTIAL | FINAL | yyy, 
m.eq. | m. eq. | m.eq. | m.eq. | m.eq. | m.eq. | 
66 (a) 018 | O44 | -02 | 0.11 1.54 143 | <0° 
c* (a) 0.12 | i ae ee eS 148 | 1.87 < 0° 
2368 (a) 0.12 0.10 02 | 0.11 0.77 | 0.66 ge 
66 (b) 1.48 1.13 35 1.16 1.34 0.18 < 0° 
C (b) 1.48 1.29 19 1.16 199 | 083 | <0° 
2368 | (b) 1.48 1.30 18 1.16 1.86 | 0.70 4,0° 
66 | (ce) 1.41 155 | -.14 1.15 1.00 -.15 
iene Gene 1.41 138 | .03 1.15 0.92 —.23 
2368 (e) 1.41 138 | . 03 1.15 1.00 —15 








* C= Champagne. 


These data show that there was no significant utilization of formie acid 
in the absence of sugar. In the presence of sugar there was evidence for 
slight utilization by all three strains studied. Tuomas (39) also observed 
that yeast press juice can ferment formate only in the presence of sugar. 

The effect of formic acid in the medium upon total volatile acid formed, 
i.é., upon acetic acid formation, is of interest. With yeast 66 in the pres- 
ence of formic acid, acetic acid formation was markedly suppressed; only 
a little over ten per cent. of the amount formed in the control experiments 
was found. With Champagne yeast only about sixty per cent. as much 
acetic acid was formed in the presence of formic acid as in its absence. 
With yeast 2368, on the other hand, there was no inhibition of acetic acid 
formation by formic acid. The Brix degrees of these same samples show 
that this inhibition was not due to a general retardation of fermentation, 
but rather to a physiological difference among the strains of yeast. 


EFFECT OF OXYGEN SUPPLY AND PH UPON FORMIC ACID FORMATION 


In order to obtain some information on the effect of oxygen supply upon 
formie acid formation, fermentations of the artificial medium were con- 
ducted in the presence of a limited oxygen supply; ‘.e., in cotton-plugged 
liter bottles, and under CO, pressures (using mercury bungs on the fermen- 
tation bottles). After the fermentations had been allowed to go on for 
eight weeks the samples were analyzed. The total volatile acidity was about 
ten per cent. higher in the fermentations conducted in the presence of a 
limited oxygen supply than in the corresponding ones conducted under car- 
bon dioxide pressure. In the former the amounts formed ranged from 1.71 
to 2.37 milli-equivalents per 100 ml., while in the latter they ranged from 
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1.36 to 2.25. There was no net formation of formic acid in this experiment 
since the final media all contained less than the initial medium. 

In all the experiments thus far discussed, the presence of formic acid in 
the original media obscured the results on formic acid formation. Small 
quantities of formic acid occurred normally in pasteurized grape juice and 
also in the yeast juice used as a growth stimulant in the artificial media. 
It was then found possible to prepare an artificial medium free of formic 
acid by replacing the yeast juice with a rice bran concentrate (Galen’s 
Vitamin B concentrate). Duplicate lots of this medium were adjusted to 
pH 2.5, and pH 6.7 with phosphate buffers. The control media had an 
initial pH of 4.8. Two fermentations of the control medium were provided 
with mercury bungs, two were cotton stoppered, and two were aerated by 
attaching them to a water aspirator and filtering the incoming air through 
sterile cotton. Yeast 66 was the only organism used in these experiments. 
The results of this experiment are summarized in table IV. They show 
that no formic acid was formed in these media except in the medium having 
an initial pH of 2.5; in this 0.08 milli-equivalents per 100 ml. were found. 
Although the quantities of formic acid found by Esau (9) to be formed by 
yeast 66 were three or four times as great as the quantities formed in these 
experiments, the results are in agreement in that more of the acid was 
formed in a medium at a low pH than at a high pH. 


TABLE IV 


EFFECT OF AERATION AND PH UPON ACID FORMATION BY YEAST 66 








| , ACETIC 
ForMI¢ osen 
AMOUNT OF INITIAL FINAL | ACID vanemee FINAL 
AERATION PH PH | PRESENT SS ae BRIX 
PER 100 
| 100 ML. 
ML. 
pine | : SE POL oS Soe 
m. €q. m. €q. 
Cotton stopper 4.8 2.6 0.002 1.65 0.0° 
Hg bung 4.8 2.55 0.003 1.61 0.0° 
Aerated 4.8 2.34 0.004 3.17 5.4° 
Cotton stopper 2.5 2.48 0.08 1.20 8.6° 
Cotton stopper . 6.7 3.57 0.002 0.98 0.0° 


After an initial medium free of formic acid had been developed, further 
experiments were conducted using the basie artificial medium with Galen’s 
Vitamin B concentrate added for growth stimulation. These experiments 
were made to test certain possible precursors of formic acid. The sub- 
stances which were added to the respective lots of media were 0.2 per cent. 
U.S.P. tannic acid, 0.2 per cent. grape tannin, 0.5 per cent. peptone, 0.3 per 
cent. dihydroxyacetone, 0.2 per cent. sodium pyruvate, 0.2 per cent. pyruvic 
acid. Tanniec acid and tannin were chosen because of their abundant pres- 
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ence in red grape juice, and the likelihood that this might explain the rela- 
tively high formic acid yields found in the red grape media. Peptone was 
chosen because the media used by Esau (9) which had given higher formic 
acid yields than those observed by us, had contained this nitrogen source. 
Dihydroxyacetone and pyruvic acid or pyruvate were chosen because they 
appeared to be the most logical three carbon precursors of formic acid. All 
these media were inoculated in duplicate with yeast 66, in eight-ounce 
bottles containing 150 ml. of medium both with cotton stopper and with 
mereury fermentation bungs. Another set of duplicate fermentations for 
each respective substance was made by allowing the control medium to 
ferment to approximately half its original sugar content, and then adding 
an appropriate amount of the respective substance aseptically. Each sub- 
stance was tested both in the presence and absence of sugar. All these 
media were allowed to ferment for one month and were then analyzed for 
formic acid, total volatile acid, and pH. No formic acid was found to be 
formed from any of these precursors. Tannic acid and tannin in the 
medium appeared to interfere with the mereury procedure of formic acid 
determination by giving a precipitate, but more of this precipitate was 
found in the initial media than in the final fermented samples. This might 
explain the high results obtained on red grape juice media. 

The majority of the experiments thus far discussed have indicated that 
no formic acid is present in the final completely fermented medium. It was 
thus still desirable to explain why the earlier investigators including Esau 
(9) and Jostyn and Dunw (20), who had used the same strains of yeast in 
pure culture, had been able to report from 0.35 to 1.06 milli-equivalents of 
formic acid per 100 ml. of medium, while the amounts found in the final 
media of any of our present experiments had ranged from 0 to 0.18 milli- 
equivalents. It seemed possible that differences in method of determination 
might help to explain these differences in results. These other investigators 
had used the Dyer (6) distillation procedure for their formie acid determi- 
nations. The Dyger method, like other fractional steam distillation proce- 
dures is most accurate for samples containing 0.5 per cent. or over of volatile 
acid. When applied to samples containing 0.1 per cent. of volatile acids, 
errors in concentrating the original steam distillate to a suitable volume 
might be high; owing particularly to entrainment of relatively less volatile 
acids such as laetie. 

After determining the Dyer distillation constants for solutions contain- 
ing 0.1 per cent. of acetic or formic acids, distillates of several of the samples 
on which formie acid had been determined by mercury precipitation, were 
prepared and analyzed by the Dyer procedure. One-hundred-ml. portions 
were steam distilled until 900 ml. of distillate was obtained ; this was neutral- 
ized and concentrated to less than 200 ml., brought to pH 3 by addition of 
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sulphuric acid, and distilled at constant rate under previously calibrated 
conditions. Distillation constants were obtained and the former acid con- 
tent caleulated. The data shown in the first five columns of table V indicate 


TABLE V 
COMPARISON OF RESULTS OF FORMIC ACID ANALYSES BY DYER DISTILLATION AND BY 
MERCURY PRECIPITATION. RESULTS EXPRESSED IN MILLI- 
EQUIVALENTS PER 100 ML. 











TOTAL VOLA- | ACETIC ACID ForMIC ACID FORMIC ACID | 











SAMPLE | TILE ACID BY DYER BY DYER By Ha LACTIC ACID 
0.42 0.23 0.19 0.14 
2 1.01 0.87 0.14 0.03 1.27 
3 1.77 1.45 0.32 0.13 0.88 
0.93 0.74 0.19 0.01 1.2 
5 1.41 1.05 0.36 0.01 1.3 


that except for sample no. 1, which was unfermented grape juice, the DYER 
procedure gave considerably higher results for formic acid than did the 
mereury-precipitation method. 

The presence of lactic acid in the original prepared distillate was thought 
to be responsible for these low values since lactic acid would decrease the 
distillation constant. Lactic acid was known to be present in the samples 
which were being studied, and measurable quantities of lactic acid are known 
to be carried over by entrainment in the steam distillate used for volatile 
acid determinations (34). It was found that the lactic acid, when present 
with acetic acid, in the same relative concentrations as were contained in our 
samples, decreased the distillation constants sufficiently to account for the 
high ‘‘apparent’’ formic acid values. The last column in table V, which 
gives the lactic acid contents of the respective samples, indicates that the 
sample containing lactic acid showed the greatest discrepancy between the 
formic acid found by the two methods. There was no quantitative correla- 
tion, however, between the concentration of lactic acid present and the 
magnitude of the discrepancy. Samples low in volatile acid content and 
relatively high in lactic acid content apparently cannot be accurately 
assayed by the Dyer distillation method. 

It may be concluded that formic acid is not a final by-product of alcoholic 
fermentation of sugar by these strains of wine yeasts. Data on formie acid 
content obtained by the current procedures when unconfirmed by specific 
qualitative tests are not significant. 


Summary 


1. The formation of formic acid in the fermentation of natural and arti- 
ficial media was investigated under various conditions. 
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2. During the course of fermentation of grape juice a very slight aeceumu- 
lation of formic acid occurred in the early stages of the fermentation, but 
this was followed by an apparent utilization of the acid. 

3. During the course of fermentation of an artificial medium containing 
yeast juice, the original medium contained more formic acid than was found 
at any subsequent stage. The utilization of this acid was greater at all 
stages of the fermentation than was formation. 

4. A variety of carbon sources and nitrogen sources had little effect upon 
formic acid formation by these organisms. All the fermented media except 
red grape juice contained negligible quantities of it. 

5. No utilization of formate occurred in the absence of sugar, while about 
20 per cent. of the available formate was utilized in the presence of sugar. 

6. Negligible quantities of formic acid were formed under all degrees of 
aeration which were used—varying from continuous aeration to fermenta- 
tion under mereury bungs. 

7. The pH apparently influences formic acid formation. A _ small 
amount is formed in a medium having an initial pH of 2.5; none is formed 
at higher pH values. 

8. No formic acid was formed by yeast 66 from tannin, tannic acid, pep- 
tone, dihydroxyacetone, pyruvic acid, or sodium pyruvate. 

9. Lactic acid present in the samples analyzed for formic acid was found 
to interfere with the determination of the latter by the Dysr fractional steam 
distillation procedures. 

10. Formic acid is not an important end product of alcoholic fermenta- 
tion of sugar by these wine yeasts. 
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SUCCINIC ACID AS A METABOLITE IN PLANT TISSUES 


GEORGE W. PUCHER AND HUBERT BRADFORD VICKERY 


(WITH ONE FIGURE) 


Introduction 


The preparation of succinic acid by the dry distillation of amber is a 
process that was known to the alchemists and was clearly described by 
AGRICOLA as early as 1550 (12). The true nature of the substance was prob- 
ably first recognized by LEmeEry in 1675, who called attention to its relation 
to the so-called plant acids in his celebrated ‘‘Cours de chimie’’ (15). Brr- 
zELIUs (5) determined its elementary composition in 1815 and, during the 
next few decades, succinic acid was studied by many investigators (16) ; 
new sources were found and its presence both in plant and in animal tissues 
was recorded. Of the observations on plant tissues, those of ZWENGER (29) 
_ (who identified succinic acid in the leaves of Artemisia absinthium in 1843) 

and K6HNKE (11) (who obtained it from the leaves of two species of Lactuca 
in 1844) are the earliest, according to the critical review of FRANZEN and 
OsTERTAG (9), that furnish satisfactory evidence of the identity of the 
substance. 

FRANZEN and OsTERTAG pointed out that, at the time of their study (1923), 
succinic acid had been unequivocally identified in only ten species of plants, 
and only a few additional reports have appeared since (4, 22); in none of 
these cases have quantitative determinations of the acid been made. There 
is, however, an extensive literature on the occurrence of succinic acid as’a 
product of the metabolism of lower organisms, particularly as a by-product 
of yeast fermentation (8). Its presence in wines and in decomposing fruits 
has long been recognized and analytical methods for application in this field 
have been developed (6, 10, 20). The work of Eunruicn suggests that sue- 
cinie acid arises from the oxidation of glutamic acid during yeast fermenta- 
tion, a reaction with some analogies to the formation of amyl alcohol from 
leucine under the same conditions; NEUBERG and CAppEezzuoLi (17) have 
shown, however, that succinic acid may be produced by the reductive deami- 
nation of aspartic acid through the action of putrefactive bacteria. 

Interest in succinic acid as a metabolite concerned in the normal proc- 
esses of cell respiration has been greatly stimulated in recent years by the 
work of SzentT-GyOreyi and his collaborators (1, 2) and of Kress (14) who 
have shown that the oxidation of carbohydrates in certain animal tissues can 
be described in terms of a sequence of enzymatic oxidation and reduction 
reactions in which a series of organic acids, most of which are familiar com- 
ponents of plant leaf tissues, are concerned. Among these is succinic acid, 
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the oxidation of which to malic acid by an enzyme present in muscle (21) 
was demonstrated by BATTEeLLI and STERN (3) in 1911. Although no con- 
elusive evidence has yet been obtained that the respiration of plant tissues 
ean be explained in a similar manner, CHTBNALL (7) has pointed out that 
there is considerable data in the literature that may be interpreted, at least 
in part, in this way ; additional evidence has been provided by recent studies 
of the metabolism of rhubarb leaves by the authors (24, 27). It appears 
that the respiration of leaf tissue may, however, involve substrates in addi- 
tion to carbohydrates (23) and, in any case, the process is doubtless more 
complex than the system that has been demonstrated to operate in pigeon 
breast muscle and a few other animal tissues (13). All speculations, how- 
ever, that try to account for the production of carbon dioxide by living 
tissues involve the decarboxylation of organic acids as the step whereby this 
substance is finally produced., Regardless of the details of the enzymatic 
processes involved, therefore, organic acids play a dominating réle in the 
metabolism of carbon, and it is obvious that the study of the behavior of 
these substances in living plant tissue is a promising line of approach to an 
ultimate understanding of the chemical reactions that underlie the phe- 
nomena observed. 


The determination of succinic acid 


A new method to determine succinic acid in plant tissues has been de- 
scribed in a previous paper (18). The organic acids are removed from the 
dry powdered tissue by exhaustive extraction with ether in the presence of 
a slight excess of sulphuric acid. The acids are transferred to aqueous 
alkali, the solution is acidified, filtered, and then warmed with an excess of 
potassium permanganate at faintly acid reaction. All common organic 
acids other than succinic are destroyed by this reagent. The succinic acid 
is again extracted with ether, traces of contaminants are removed by oxida- 
tion with a minute quantity of nitric and hydrochloric acid, and the com- 
pletely dry residue is treated with acetyl chloride whereby succinic acid is 
converted into succinic anhydride. This substance is then condensed with 
p-toluidine in toluene solution to the insoluble succinyl-p-toluide which is 
weighed and recrystallized for identification by means of the melting point 
and crystalline form. The method permits the determination and positive 
identification of succinic acid with a precision of + 5 per cent. for a single 
determination when quantities from 1 to 20 mg. are taken. The mean re- 
covery of known amounts of acid in a series of replicate determinations may 
be expected to be about 99 per cent. The only known interfering acid likely 
to be encountered in plant tissue analysis is g-ketoglutaric acid which would 


accompany the succinic acid up to the oxidation step and is itself oxidized 
by permanganate to succinic acid. Accordingly the results of the method 
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include this substance if present. So far as is known, however, a-ketoglu- 
taric acid is rarely present in plants save in small amounts and in any ease, 
according to current views, it is closely related to succinic acid in metabolism. 


Succinic acid in plant tissues 


It is clear from the foregoing that the distribution of succinic acid in 
green plants is still largely unknown and there is practically no information 
available with respect to the relative quantities normally to be found. An 
examination was accordingly made of the following plant tissue samples; 
most of these had been previously analyzed in this laboratory for organic 
acids in connection with other studies. 

Beet: variety Detroit Dark Red; harvested Sept. 28, 1934, 105 days from 
planting ; described by Vickery, PucHER, and CLARK (25). Plants treated 
with ammonium sulphate during last 8 days of growth and thereby greatly 
enriched in glutamine content. 

Buckwheat: plants grown in water culture with nitrate as the only 
source of nitrogen; harvested May 1, 1937, 27 days from transplantation of 
the seedlings ; described by PucHER, WAKEMAN, and Vickery (19). 

Bryophyllum: leaf samples from greenhouse plants grown in 1939 in 
sand culture with nitrogen supplied respectively as nitrate alone and as 
ammonium nitrate. 

Maize: plants grown in soil in greenhouse; samples collected in March, 
1935. 

Tobacco: seedlings of N. rustica var. Brazilia and of NV. tabacum Rosen- 
berg strain, grown in sand culture with nitrate as source of nitrogen; har- 
vested Oct. 3, 1939, 6 weeks from planting; about 4 cm. high with 3 leaves; 
entire plant analyzed. Leaf, stalk, and inflorescence samples mostly from 
plants grown under shade in the field at the Tobacco Sub-station at Windsor, 
Connecticut. Those dated 1933 have been fully described by Vickery, 
Pucner, LEAVENWORTH, and WAKEMAN (26). 

Tomato: plants grown in soil in greenhouse in 1935; 4 months from 
transplantation ; flower buds removed as they formed. 

Rhubarb: leaf samples collected from field “rown plants June 6, 1936; 
described by Vickery, PucHER, WAKEMAN, and |.) AVENWoRTH (27). 

The results are given in table I; succinic acid was present in all save 
possibly the single sample of rhubarb leaf blade tested. In this ease, the 


amount found was below the range of the analytical method. It is par- 


ticularly significant that succinic acid does not account for any substantial 
part of the unknown acids of these tissues except for a few of the tobacco 
plant samples; there are only two cases in which it makes up more than 10 
per cent. of the total organic acids. In the extreme case of maize leaves, the 
unknown acids, that is the organie acids other than malic, citric, and oxalic, 
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TABLE I 


SUCCINIC ACID CONTENT OF PLANT TISSUES 
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stalk (1935) 0... 114 54.6 0.24 3.6 6.5 174 
stalk (1933 K)) ................ 83 54.4 0.65 13.3 24.3 175 
leaves (1933 G) ; 236 17.8 0.55 4.0 22.2 174 
leaves (1933 B) ... i 182 20.6 0.31 2.9 14,1 175 
leaves (1937) ... 190 33.4 0.21 1.9 5.6 175 
inflorescence (1933 H) .. | 104 43.4 0.28 4.6 10.7 174 
inflorescence (1933 I) ... | 55 | 27.2 | 0.25 7.7 28.3 
inflorescence (1933 J) .. | 74 | 55.5 | 0.80 18.4 33.2 176 
inflorescence (1933 K) ... | 53 40.7 | 0.14 4.5 11.0 | 
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petiole . | 495 | 34 | 0.12 0.4 119 | 173 








account for 69 per cent. of the total organic acidity. Succinie acid, how- 
ever, accounts for only 2.7 per cent. of the total, or less than 4 per cent. of 
the unknown fraction. This result is of especial interest in connection with 
the observations of WADLEIGH and Suive (28); from a study of the buffer 
index of expressed saps, these authors pointed out the possibility that maize 
leaves may be unusually rich in succinic acid. 

In general, succinic acid makes up from a trace to somewhat less than 
1 per cent. of the dry weight of these tissues, and from about 1 to a maxi- 
mum of 18 per cent. of the organic acidity ; in most cases it accounts for less 
than 5 per cent. of the acidity. From the point of view of relative quantity 
present, succinic acid is obviously a minor acid constituent. No example 
has been reported in the literature in which it forms any substantial part of 
the weight of a plant tissue, as is frequently the case for malic, oxalic, and 
citric acids, and, were it not for the fact that succinic acid is easily prepared 
synthetically, it would doubtless rank with such substances as aconitie or 
quinie acids as one of the rarer plant acids. The present data show, that, 
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on the contrary, succinic acid is widely distributed, although in small rela- 
tive quantities, and indicate that it may have considerable importance in 
metabolism. The fact that so little is found in a given case suggests that 
the substance is involved in the living tissue in reactions that proceed with 
some rapidity, no great concentration being necessary in order to upset the 
equilibrium relationships in favor of the next product in the series of meta- 
bolic reactions in which it is presumably involved. The more comprehen- 
sive data on the tobacco plant show that succinic acid may vary between 
wide limits in the amount present in different tissues and at different periods 
of development of the plant. 


Succinic acid in the tobacco plant at different stages of growth 


Analyses were also made of a series of samples of tobacco plants that 
represented, respectively, leaf, stalk, and inflorescence tissue collected at 
intervals from plants growing in the field under shade in the season of 1933. 
These samples had been previously analyzed for organic acids, carbohy- 
drates, and nitrogenous components with results that have already been 
published (26); frequent reference will be made in the following to the 
data of this publication. The results for succinic acid are shown in table IT. 
In the first and second sections of the table, the analyses are caleulated in 
the conventional manner as percentages of the fresh and of the dry weight. 
These data, when plotted, give curves that show many irregularities, but 
which indicate that the concentration of succinic acid in the leaf tissue in- 
creased to a maximum at 54 days from transplanting of the seedling and 
subsequently fell rapidly, as the inflorescence developed, to a low and con- 
stant value. In the stalk, the concentration of succinic acid when caleu- 
lated on the fresh basis, remained fairly constant; it dropped rapidly, 
however, if caleulated on the dry basis, until the final sample of mature 
plants with nearly ripened seed-pods was reached. This sample showed a 
remarkable enrichment in succinie acid. 

The behavior of succinic acid in the inflorescence is particularly strik- 
ing; at 97 days when the seeds were rapidly ripening, the pods had become 
greatly enriched and contained, in fact, more than 0.8 per cent. of this acid. 
In the last sample, taken two weeks later, the succinic acid in the seed-pods 
had again fallen to a low concentration. Repeated analyses of these samples 
were made to insure the absence of analytical errors. Reference to the 
earlier analytical data on the same material (26) shows that no other com- 
ponent of the pods for which data were obtained, save the unknown acids, 
behaved in a similar fashion, although there was a moderate loss of water in 
the final interval between analyses. 

The third section of the table shows the data calculated in terms of milli- 
equivalents per single plant. These results are plotted in figure 1 and, in 
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contrast to the percentage data, give relatively smooth curves, ,the major 
inflections of which correspond to definite phases in the general course of 
development of the plant. Considering first the curve for the whole plant, 
it is clear that succinic acid accumulated rapidly during the preliminary 
period of growth up to 54 days but thereafter, for the next month, changed 
but little. During the last two weeks, however, succinic acid increased with 
remarkable rapidity ; the total amount present in the plant was more than 
doubled. Examination of the other curves shows that this final aecumula- 
tion was due to the rapid increase of succinic acid in the stalk of the matur- 
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Fig. 1. Suecinie acid in the tebacco plant at different stages of growth as measured 
from the time of transplantation of the seedling. The plants were of the variety known 
as Connecticut shade-grown and the samples were taken from a normal field crop in the 
season of 1933. 


ing plant, this being far greater than the decrease in the pods during the 
same period. The apparent cessation of succinic acid synthesis in the plant 
as a whole throughout most of the period in which the inflorescence was 
developing recalls the behavior of the citric and oxalic acid observed pre- 
viously in this same experimental material. There was a marked diminu- 
tion in the rate of accumulation of these acids at the time that development 
of the pods began. Malic acid, on the contrary, continued to increase to 
the end of the period of observation, although more slowly in the last weeks 


of growth. 
The details of the behavior can be best appreciated from the separate 
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curves for the leaves, stalks, and inflorescence. Sueccinic acid increased 
rapidly in the leaves to a maximum at 54 days, but shortly thereafter began 
to decrease, the final value being about one-quarter of the maximum. In 
the stalks, the preliminary rate of increase was slower and the maximum 
was not reached until 75 days; at 97 days the succinic acid had fallen to a 
very low level, but a phenomenal increase then occurred so that the stalks 
collected at 110 days contained 13 milliequivalents per plant or about 0.68 
per cent. of the dry weight. The inflorescence, which first began to differ- 
entiate at about 54 days, had increased by 61 days so that samples could be 
collected. The ripening process subsequently proceeded rapidly with strik- 
ing increases in dry weight and particularly in the fat content of the pods. 
Suecinie acid increased up to 97 days and the sample collected at that time 
was the richest of any tissue hitherto analyzed by the present method. Dur- 
ing the later stages of the ripening period, however, succinic acid diminished 
again to a low level. 

In the fourth section of table II are calculations of the distribution of 
succinic acid in the plant. It isto be noted that, from 35 to 61 days, the 
proportion of the total succinic acid of the plant present in the leaves under- 
went very little change in spite of a tenfold increase in quantity. Roughly 
three-fourths of the acid was found in the leaves at each point of observation. 
Subsequently, during the period of development of the flowers and seed- 
pods, the distribution of the succinic acid fluctuated between wide limits 
although the total amount present did not change materially until towards 
the end of this process. These figures indicate clearly that succinic acid is 
a metabolite that is in some manner concerned with the important chemical 
changes that occur during the reproductive period of the development of 
the plant. 


Discussion 


The behavior of succinic acid in the tobacco plant may be considered 
from at least two different points of view. The wide changes in distribution 
of a nearly fixed quantity of the acid that occurred during the development 
of the inflorescence may be considered to furnish an example of transport 
of the acid from one part of the plant to another according to the demands 
of the chemical reactions that took place. The diminution of the quantity 
of acid in the leaves in the interval from 54 to 75 days amounted to 2.83 
milliequivalents per plant. During this time 0.82 milliequivalent appeared 
in the stalk and 0.49 milliequivalent in the pods. There was thus an overall 
loss of 1.52 milliequivalents of acid. However, in spite of this, migration 
of the acid may have occurred. In the interval between 75 and 97 days, the 
leaves lost an additional 0.55 milliequivalent and the stalk 2.16 milliequiva- 
lents; meanwhile the pods gained 4.26 milliequivalents. Here there was an 
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apparent new synthesis of 1.55 milliequivalents of acid. Again disregard- 
ing the discrepancy, it is possible to assert that migration of succinic acid 
took place. But in the last interval between collections, that is between 97 
and 110 days, the leaves did not change significantly in succinic acid content, 
the stalk gained 12.7 milliequivalents and the pods lost 3.8 milliequivalents. 
Accordingly there was an increase in the amount of succinic acid in the plant 
as a whole of 8.9 milliequivalents. The increase took place exclusively in 
the stalk and thus, even if the whole of the succinic acid lost from the pods 
had migrated into the stalk, it could account for only a small part of the 
increase. ‘ These observations indicate that the idea of translocation as a 
means to account for the fluctuations of the succinic acid content of the dif- 
ferent parts of the plant is at least inadequate. Although nothing has been 
observed that forbids this as a partial explanation, it is obvious that each of 
the tissues possesses the capacity to synthesize succinic acid. This capacity 
is especially pronounced in the stalk during the final period of maturation 
of the seeds. 

A serious objection to the view that suecinic acid migrated in substantial 
amounts out of the developing pod tissue in the last period is that the dry 
weight, the ether extractives, and the nitrogen in the pods increased ma- 
terially in this interval (26). The increase in the ether extractives, much 
of which consisted of true fat, was especially striking at this time; there is 
no doubt, from the behavior of the nitrogen fractions that were examined, 
that protein synthesis was going on at a rapid rate in the developing seeds. 
A loss of water from the pods did, in fact, occur; this may well be accounted 
for simply as the gradual dehydration of the capsules as ripening of the 
seeds took place; it does not necessarily connote migration of water out of 
the pods into the stalk. 

It seems clear, therefore, that the main stream of translocation at this 
period in the development of the plant was into, rather than out of, the 
seed-pods. Accordingly, the argument in favor of the view that transloca- 
tion accounts for the loss of succinic acid from the pods breaks down in the 
face of the data already at hand in connection with these particular samples 
of tobacco plant material. 

In the early stages of the growth of the plant, it is clear that synthesis 
of suecinie acid took place in both leaf and in stalk tissue throughout the 
period up to the beginning of the development of the organs of reproduction, 
at rates such that the distribution, as between leaves and stalk, remained 
practically constant. The amount in the leaves at 54 days increased by a 
factor of 8 over the amount at 35 days; in the stalk in the same interval the 
amount increased by a factor of 13. Actual growth, as measured by the 
increase in dry weight of the respective tissues, was by a factor of 3.5 for 
the leaves and by nearly 15 for the stalk. The increase in succinic acid in 





. 





780 PLANT PHYSIOLOGY 


the leaves was thus greater proportionately than the rate of growth, although 
in the stalk it was of about the same relative magnitude. 

The observations suggest that succinic acid is best to be regarded as an 
active metabolite concerned in the intracellular chemical reactions. As has 
been seen, there is no need to stipulate that the increases and decreases in 
the different tissues are the results of transport; rather they appear to reflect 
the course of reactions which proceed at different rates at different periods 
in the life of the plant. If succinic acid is related to metabolism in plants 
in some such manner as that envisaged by CHIBNALL, that is, if it is con- 
tinuously produced and decomposed through the influence of enzymatic 
oxidation and reduction reactions that have to do with the respiration, the 
behavior observed can be reasonably accounted for. The accumulations 
and disappearances may thus furnish evidence for alterations in the rates 
of the various reactions that in turn depend upon the chemical nature of 
the substrates being respired and the demands of the system for energy. 
Present knowledge of the details of plant cell respiration does not permit 
precise definition of these chemical reactions and this view is suggested with 
full realization of its entirely speculative nature. It may serve, however, 
to stimulate investigation into a more exact description of the functions of 
the organic acids in plants. 

One further point merits attention. It was shown in the earlier discus- 
sion of the composition of this series of tobacco plant samples (26) that the 
so-called unknown organic acids (the difference between the total organic 
acidity and the sum of the malic, citric, and oxalic acids) increased rapidly 
in the stalks at the end of the period of observation. The increase noted 
was 14.0 milliequivalents in the interval from 97 to 110 days. Reference to 
table II, section III, shows that the succinic acid of the stalk tissue increased 
by 12.7 milliequivalents per plant at this time. Accordingly, the marked 
change in the unknown acids previously noted is now accounted for nearly 
exactly as an enrichment of this tissue in succinic acid. Similarly the loss 
of 5.7 milliequivalents of unknown acids from the pods in the same time 
interval is accounted for to the extent of 3.8 milliequivalents by the loss of 
succinic acid from this tissue. 

In the fifth section of table II are given calculations that show the pro- 
portion of the unknown organic acids previously determined that can now 
be accounted for as succinic acid. It is apparent from these figures that 
succinic acid is seldom responsible for any substantial part of the unknown 
acid fraction. Although in the two cases mentioned above, it can be shown 
that the changes in the unknown acids are largely due to changes in the 
succinic acid, this is rarely the case. Succinie acid is indeed an important 
member of the group of previously unknown acids, but our knowledge of 
the qualitative composition of this group of substances is still extremely 
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slight. It would be a simple matter to write a list of the acids that might 
be expected from theoretical considerations to be present in such fractions ; 
this, however, is quite a different matter from the demonstration that each 
substance listed does in fact occur inthem. The present study shows clearly 
that a satisfactory verification of present-day theoretical views will involve 
a thorough study of the qualitative and quantitative composition of the 
so-called unknown fraction of the organic acids of plant tissues. 


Summary 


Succinic acid is shown to be present in a number of normal plant tissues 
although the proportion found was in all cases considerably less than 1 per 
cent. of the dry weight. As compared with malic, oxalic, or citric acid, it 
is a minor acid consistituent. 

A study was made of the behavior of succinic acid during the develop- 
ment of the tobacco plant. The extensive changes in amount and in con- 
centration that this substance undergoes indicate that it may be regarded 
as one of the more active metabolites of the tissues. 

Although no direct support was found for CHIBNALL’s view that respira- 
tion in plant tissues is to be accounted for in terms of the Kreps citrie acid 
eycle, the observations show that one more of the acids concerned in this 
scheme of reactions is widely distributed in plants, and that the changes in 
amount present, at different stages of growth of the tobacco plant, are such 
as to suggest that succinic acid is involved in the reactions that take place 
within the cells. This behavior is to be anticipated if some such eyclic series 
of chemical reactions does indeed lie at the basis of one of the fundamental 
physiological functions of plant cells. 
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BOUND WATER IN PLANT SAP AND SOME EFFECTS OF 
TEMPERATURE AND NUTRITION THEREON 


Ray CALVIN CHANDLER 


(WITH FOUR FIGURES) 


Introduction 


Most plants developing under very favorable conditions for growth are 
tender and exhibit little resistance to frost damage. Certain plants, how- 
ever, are capable of developing the capacity to resist freezing and are then 
said to be hardened. While exposure to low temperature is the principal 
natural and artificial agency producing such an effect, apparently any con- 
dition unfavorable to growth may contribute to some degree of hardening 
(5, 19, 31, 32). 

The work of Rosa (31) and Hooker (16) indicated that the hardiness 
of plants was associated with an increase of hydrophilic colloids. NEwTon 
and GORTNER (29) proposed a cryoscopic method for the measurement of 
such colloids, believing they reflected the amount of water bound by the 
tissue in such manner as to protect the plant from frost damage. <A vast 
amount of data has accumulated in support of this general view; namely, 
that colloidal material in the plant may retain water in the liquid state at 
temperatures well below the normal freezing point and thus protect the 
plant. The implication here is that hardiness is related to bio-colloids by 
virtue of their water-retaining capacity and that the water thus retained 
is held so firmly to colloidal surfaces that it is unavailable for purposes of 
solution or for ice formation. Such water has been designated as ‘‘bound.’’ 

The assumption of a correlation between bound water and hardiness in 
plants elevates the subject to an important position in plant physiology. 
Since the variation in the response of plants to low temperature is a decisive 
factor in plant distribution and agricultural practices, the réle that bound 
water may play in the temperature effect is a subject of considerable interest. 

The principle involved in the determination of bound water by the eryo- 
scopic or other comparable methods is based upon the thermodynamic 
properties of the solution comprising the sap. It is a well known fact that 
any solute has a definite effect upon the freezing point depression, vapor 
pressure lowering, or osmotic value of pure water; and the numerical values 
of these three colligative properties are interrelated through the appliea- 
bility of the gas laws to solutions. Few, if any, solutes yield the theoretical 
values implied by the gas laws but non-electrolytes approach the ideal value. 
In certain instances, notably in the sap of hardened plants, the freezing point 
depression has been found to be greater than expected. To account for this 
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deviation from the expected freezing point it has been assumed that a frac- 
tion of the water was bound in such a manner that its thermodynamic 
properties were lost, the bound water molecules being oriented about the 
surface of colloidal particles. On this assumption, there is a plausible rela- 
tion between bio-colloids, bound water, and hardiness. 

Two important questions confront the student of this problem: (a), do 
the data yield a measure of the water bound by colloids as defined above; 
and (b) has the correlation between bound water and hardiness been 
supported ? 

Consideration of the data arouses some doubt that a satisfactory measure 
of hardiness has been disclosed through bound water measurements (8, 25, 
26, 34). Excellent support for the concept is provided by the work of 
GorTNER and GortNER (11) who found that tender plants did not contain 
bound water while hardened plants indicated the presence of significant 
amounts. On the other hand, Rosa (31) demonstrated hardiness in cabbage 
plants; but Scartu and Levirr (20, 32) found hardened cabbage cells did 
not contain bound water. Starx (34) found large amounts of bound water 
in apple shoots but was unable to distinguish degrees of hardiness. MEYER 
(26) found that the amount of bound water was actually less in hardened 
pine needles than in unhardened needles. This lack of agreement among 
workers suggests that the reality of a correlation between bound water and 
hardiness is still a subject for investigation. 

The concept of bound water consisting of oriented water molecules about 
colloidal particles was discussed in a previous paper (2). By means of 
precise vapor-pressure measurements on dilute gelatin solutions it was shown 
that the random distribution of water molecules was not decreased by the 
presence of the colloid. When the electrolyte (potassium chloride) was used 
as the reference substance’ in the gelatin solution its effect upon the activity? 
of water was less than anticipated, and the magnitude of the deviation of the 
vapor pressure lowering was markedly affected by temperature changes. In 
contrast to the negative deviation observed when the electrolyte was used one 
finds, however, that the use of non-electrolytes such as glucose and sucrose 
yield positive deviations for comparable measurements of similar solutions. 
It was demonstrated also that both positive and negative deviations from the 
expected freezing-point depression could be produced in non-colloidal solu- 
tions. Theoretical considerations and experimental evidence were adduced 
to show that these deviations might be explained most readily by the special 
properties of ions and of the non-polar and dipolar non-electrolytes in 

1 Reference substance: a standard solute added to the solution to measure properties 
of the water. 

2 Activity: the thermodynamic concentration rather than the molar concentration. 
In this case the vapor pressure lowering was less than would be found for the same con- 
centration in pure water. 
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aqueous solution. Thus the sign and magnitude of the deviation might be 
strongly affected by the character of the solutes in the solution and of the 
reference substance. It was indicated that the deviations often considered 
as a gauge of the water bound by the colloids really reflected the properties 
of the components of the complex solution. 

This paper deals with a study of the effects of temperature and nutrition 
upon significant changes in the activity of water in the sap of plants grown 
under controlled conditions, and of factors responsible for such changes, in 
the light of the foregoing eoncept. An evaluation of known osmotically 
active substances, and of their changes in concentration, is made and com- 
pared with the change in activity of water. Cryoscopic measurements for 
bound water are included. 

Experiments were accordingly planned to study: (a), the effect of low 
temperature and low potassium nutrition on the freezing point depression 
of wheat sap; (b), the deviation of the freezing point from the expected 
value when glucose or potassium chloride is added to the sap from plants 
subjected to low temperature or low potassium nutrition; and (¢), the 
quantitative and qualitative change in solutes as the plants harden. 


Material and methods 


Physical measurements were made by the freezing point method. <A 
Beckmann thermometer, freezing point tube, air chamber, and insulated ice 
bath constituted the equipment. Two reference substances, the electrolyte 
KCI and the non-electrolyte glucose, were chosen as solutes and the ther- 
mometer calibrated by increments of these solutes. Molal freezing point 
depression-concentration curves for both reference substances were prepared 
from data (18) for binary solutions. The deviation of the observed freezing 
point depression from the measurement expected in binary solution consti- 
tuted the basis for calculations of bound water. 

Chemical determinations were made primarily to ascertain the concentra- 
tion of substances effective in the change of activity of water in the plant sap. 

Sugars were determined by the HArpING and Downs (13) modification 
of the Shaffer-Hartmann method on fresh cleared sap. 

Amino nitrogen was determined by the VAN SLYKE (35) gasometric 
method immediately after expressing and chilling the sap. The SéRENSEN 
formol titration method (33) was also used to check the gasometric method. 

Amide nitrogen and ammonium nitrogen were determined according to 
the methods outlined by McCatua (23). 

Results have been calculated in mols per 1000 grams of water based on 
dry weight determinations on samples dried in vacuo at 70° C, 


The plant material selected for experimental work was the well known 
Minhardi variety of wheat, Triticum vulgare. The suitability of Minhardi 
wheat for studies on hardiness and bound water has been shown by several 
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investigators (1, 10, 24,28). Dexrer (7) showed that this wheat could be 
hardened by exposure to cold temperature, and most effectively when the 
plants were illuminated. 

Minhardi wheat was germinated according to the procedure of HOAGLAND 
and Broyer (15) and transferred at the end of seven days to nutrient solu- 
tion tanks (fig. 1). In order to note the effects of potassium deficiency in 


LA 


» 


bi 


eee. 





Fie. 1. Minhardi wheat grown in culture solution tank showing typical top and root 
development at end of the experimental period for unhardened plants. 


some of the experiments the nutrient solutions were made up as high potas- 
sium (HK) and low potassium (LK) solutions; plants grown in these solu- 
tions will be referred to as HK and LK plants. At the beginning of each 
experiment there was a supply of 600 ml. of solution per plant with the 
following ion concentrations : 


EQUIVALENTS x 10* 


Ion 
HK Souutrion LK SOLUTION 

K 31 1 
NO, 100 100 
PO, 19 19 
So, 35 35 
Ca 51 51 
Mg 20 20 


Na 0 30 
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The HK solution furnished satisfactory conditions with respect to nutrition 
throughout the experimental period. The LK solution distinetly limited 
growth but apparently produced healthy tissue. Experiments 1 to 5 were 
preliminary experiments carried on outside the greenhouse. The plants for 
experiments 6, 8, 9, 11 and 13 (table I) were grown in the greenhouse at 
20° C. until time of harvest. Plants for experiments 7, 10, 12, 14 and 15 
(table I) were also grown at 20° C. through a developmental period to an 
age and size comparable to that of the first group ; they were then transferred 
to a cold room at 0° C. where they received illumination from a 500-watt 
Mazda lamp for 15 hours per day for a period of time previous to harvest 
as shown in table I. 

Normal healthy tissue was ground fine and the sap expressed at a uni- 
form pressure of 70 atmospheres. The fresh expressed sap was chilled and 
determinations were made of the pH, freezing point depression of the sap 
before and after solutes were added, sugars, conductivity, and moisture 
content of the sap. These data are also presented in table I. Buffer curves 
for experiments 9, 10, 11, 12, 13, 14, and 15 are shown in figures 2 and 3, and 
formol titration curves for experiments 13, 14, and 15 appear in figure 4. 
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Fig, 2. Titration curves for (a) high potassium plants, hardened and unhardened; 
(b) low potassium plants, hardened and unhardened. 


Important nitrogen fractions which might affect the freezing point of the 
sap were determined for experiments 13, 14, and 15 as shown by table ITI. 
Changes in freezing point depression and in concentration of solutes as 
plants harden are presented in table IV. 
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Experiments 6, 7, 8, 9, and 10 were on HK plants. The plants of experi- 
ments 7 and 10 were subjected to low temperature for 14 days. Experiments 
11 and 12 consisted of LK plants grown for 56 days at 20° C. in one tank. 
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Plants for experiment 12 were then hardened for 17 days. Plants for ex- 
periments 13, 14, and 15 were all grown for 39 days in one large tank under 
very favorable conditions for growth with respect to temperature and nutri- 
tion. At the end of this period, plants for experiment 13 were analyzed and 
240 plants of the same lot were transferred to the cold room. After 22 days’ 
exposure the plants for experiment 14 were analyzed and 12 days later (after 
34 days of cold exposure) plants of experiment 15 were examined. 


Results 


The opposing results obtained in freezing point determinations by the 
use of electrolyte and non-electrolyte as reference substances for the 
measurement of deviations is fairly consistent throughout (table I). The 
general effect of unfavorable environment due to high temperature, low 
temperature, or deficient potassium nutrition is reflected in deviations which 
are often attributed to bound water. On the other hand, plants grown under 
favorable conditions (table I, exps. 6, 8, 9, 13) showed negligible deviations 
when glucose was used as the reference substance. When wheat plants were 
subjected to cold temperature, the sugars increased (compare expts. 7 and 8, 
10 and 9, 12 and 11, 14 and 13). After 22 days’ exposure to cold the sugar 
content began to decline (expts. 14, 15) ; after 34 days of exposure, however, 
it still exceeded that in the unhardened plants. The freezing-point depres- 
sion inereased with hardening of the plants. 

Table II presents the factors contributing to the freezing-point depression 
in a number of experiments. These experiments are divided into two groups. 
The first group contains data from those experiments in which the deviations 
were negligible while the second group deals with those experiments in which 


TABLE II 


SUGARS PLUS ELECTROLYTES AND ‘‘OTHER CAUSES’’ AS FACTORS IN PRODUCTION 
OF FREEZING POINT DEPRESSION 


| FPD* DUE TO FPD | 





EXPERI- | NUTRI- TREAT- FPD | SUGARS AND quae DEV. 
MENT | TION MENT TOTAL enenee assuae GLUCOSE 
| C. °¢, oe 

6 HK Unhardened 0.981 0.553 0.428 -—1,2 

8 HK es 0.956 0.421 0.535 — 0.7 

9 HK es 1.508 1.135 0.373 0.8 
13 HK | og 1.130 0.624 0.506 —0.9 

7 HK | Hardened 1.959 0.832 1.127 5.6 
10 HK - 2.130 0.919 1.211 15.1 
14 HK on 1.950 | 0.854 1.096 5.8 
11 LK Unhardened 1.483 0.781 0.702 7.9 
12 LK | Hardened 2.294 0.947 1.347 12.3 


* Caleulated as mols sugar x 1.86 plus mols electrolyte (as KCl) x 3.40. 
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marked deviations were observed. It will be noted that the freezing-point 
depression of the first group is not completely accounted for by the sugars 
and electrolytes. In spite of considerable differences in the total freezing- 
point depression of these members, the margin due to ‘‘other causes’’ listed 
in column 6 is fairly constant, amounting to some 0.4 to 0.5° C. When one 
compares the two groups it is found that the portion of the freezing-point 
depression due to ‘‘other causes’’ is some two or three fold greater in the 
second group. 

Interpretation of the foregoing data may be made by aid of figures 2, 3, 
and 4. Figure 2 shows titration curves for experiments 9, 10, 11, and 12. 
There is a strong shift between pH 8 and 9 in the curves for sap from plants 
subjected to low temperature, low potassium nutrition, or a combination of 
these treatments. Figure 3 also presents titration curves for experiments 
13, 14, and 15 in which time of cold exposure is correlated with the amount 
of alkali required for the titration. Inspection of these curves suggests that 
they are titration curves for amino acids. Figure 4 consists of formol titra- 
tion curves for experiments 13, 14, and 15 and provide a measure of the 
amino acid concentration according to the S@RENSEN technique (33). De- 
terminations of the amino acid concentrations were also made by the VAN 
SLYKE gasometrie method (35). The relatively large amounts thus disclosed 
indicate that the amino acid concentration is an important factor contribut- 
ing to ‘‘other causes’’ in the second group in table IT. 

Amino acids and other soluble nitrogen fractions which might contribute 
to the freezing point depression are listed in table III. In table IV are shown 


TABLE III 


SOLUBLE NITROGEN FRACTIONS. EXPERIMENTS 13, 14 AND 15 





7 | 

EXPERI- TREAT- Ammno-N | 
yess cameos . AMIDE-N | NH,-N 

ate ‘an VAN SLYKE S@RENSEN 

mols mols mols mols 
13 Unhardened 0.052 0.052 0.0046 | 0.0070 
14 Hardened 0.369 0.288 0.0283 | 0.0054 
15 Hardened 0.542 0.348 0.0550 





the changes observed as the plants hardened, with respect to sugars, soluble 
nitrogen, and freezing-point depression. The fourth column gives the ealeu- 
lated value for the change in freezing-point depression that should be due 
to the sum of the changes in sugars and soluble nitrogen fractions. Complete 
data for the changes in electrolytes is not available but would have little 


effect. It is shown however that the changes in freezing-point depression 
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closely parallel the changes in solute concentration without resort to a 
hypothesis for bound water. Cryoscopic measurements on the sap of these 
same plants yielded a large positive deviation when glucose was used as the 
reference substance, while potassium chloride showed a large negative devi- 
ation. 


TABLE IV 


CHANGES IN THE FREEZING POINT DEPRESSION, SUGARS AND SOLUBLE 
NITROGEN AS PLANTS HARDEN 

















: Feesixe CHANGE IN Cate, FPD* CHANGE IN SOLUTES 
EXPERI- POINT FREEZING DUE TO | PER LITER 
MENT DEPRESSION POINT CHANGEIN | 
nscaadm DEPRESSION | SOLUTES SUGARS SOL. NITROGEN 
°C. °C.” C. 

13 1.130 0.000 0.000 0.000 0.000 

14 1.950 0.820 0.930 0.161 0.339 

15 2.368 1.238 1.174 0.098 0.533 








* Calculated in °C. (mols solute x 1.86°). 
Discussion 


The term bound water has been applied indiscriminately to a wide range 
of phenomena extending from studies of non-vacuolate cells (22) and seeds 
(21) at low temperature to phenomena observed in higher plants at tem- 
peratures not far below the freezing point of water. Low temperature 
studies are essentially studies of colloids at low water content while, at the 
higher temperatures, the water content of the tissue is high and the sap is 
complex in composition. As was pointed out previously (2), it is justifiable 
to distinguish two classes of phenomena with respect to water relations in 
colloids: first, those that occur at low water content in which the energy 
changes arise through irreversible processes; and, second, phenomena oc- 
curing at temperatures above the eutectic temperatures of the solutes where 
free energy changes are due to reversible processes. It is the latter class of 
phenomena that is considered in this and many other studies on bound water 
and hardiness in plants. 

The question arises as to the justification for the assumption (a) that an 
unusual value for a thermodynamic property of water in plant sap indicates 
bound water and (b) that hardiness is the result of this phenomenon. The 
foregoing experiments show that the quantitative changes in the concentra- 
tion of solutes in sap during the process of hardening accounts quite satis- 
factorily for the change in freezing point depression. Moreover, the quali- 
tative changes in solutes would be expected to cause deviations in the freez- 


ing point depression such as are obtained by use of the eryoscopic method. 





ee 














CHANDLER: BOUND WATER IN PLANT SAP 795 


The increase in total sugars, the accumulation of sucrose, the development 
of amino acids, and the positive deviation in freezing-point depression when 
glucose is added to the sap, are all characteristic responses of many plants 
that harden when subjected to cold temperature. The results reported here 
are in general agreement with other investigations with the exception of the 
larger amounts of amino acids reported. The evidence that the deviations 
observed in sap from hardened plants may be either positive or negative by 
proper choice of a reference substance is new and striking. Since there is 
no need to postulate bound water, and it is difficult to apply the former 
concept of bound water to both positive and negative deviations in the same 
solution, it is more suitable to ascribe the phenomena to the general prop- 
erties of the solution than to the special properties of colloids (2). 

The data obtained in the study of this plant agree quite well with the 
experiments previously reported on colloidal and non-colloidial systems (2) 
wherein it was shown that the sign of the deviation depended upon the sum 
of the interacting forces within the solution and that the properties of the 
reference substances markedly affected the results. It is reasonable to con- 
clude that in a natural solution consisting of water, organic acids, proteins 
and their intermediate products, one finds the same behavior regarding col- 
ligative properties, and the deviations therefrom, which may be expected in 
other complex solutions. The deviations observed are those characteristic 
of solutions in general. 

In the case of Minhardi wheat the freezing-point depression and the 
deviations therefrom were most closely related to the change in amino-acid 
concentration. Doubtless other plants might respond differently. The fact 
should not be overlooked, however, that the principal factors involved in 
hardening may be other than this. 

The deviations observed in these experiments seem satisfactorily ex- 
plained by the properties of the solution due to charged ions, non-electro- 
lytes, polarizable water molecules, and solute molecules of high dipole mo- 
ment. Consideration of these facts suggests that any method based upon 
colligative measurements may be expected to give anomalous results when 
complex solutions are subjected to changes in concentration and that the 
deviations measure the sum of the effects of the various components upon 
water rather than the water bound by the colloid. The observations may be 
explained by assuming that when a non-electrolyte is added to sap from a 
hardened plant the ions and amino acids tend to ‘‘salt out’’* the non-electro- 
lvte and hence produce a positive deviation in the freezing point depression. 

3 **Salt-out’’ is a term applied to the decrease in solubility of proteins, gases, etc., 
by the addition of salts to the solution. ‘‘Salting in’’ refers to the increase in solubility. 


In a broader sense, these terms reflect the change in activity in components of a solution 
by the addition of another solute. 
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Likewise when a suitable electrolyte is added to the hardened sap the com- 
ponents having dipolar properties decrease the characteristic effect of the 
electrolyte upon the water; that is, the electrolyte is ‘‘salted in’’ and the 
magnitude of the freezing point depression or any other colligative measure- 
ment is less than expected. Thus any method involving great changes in 
concentration may lead to unexpected changes in the activity of water. 

Data obtained by many workers by various methods indicate that some 
0.4 and 0.5 grams of water per gram of colloid is associated with the colloid 
and has properties that differ from those of the solvent. The data of DExTEeR 
(6, 7) and Rosa (31) indicate that wheat and cabbage plants enjoy definite 
protection at temperatures where the moisture content is well beyond the 
limit where bound water could be effective. While it is conceivable that 
some plants subjected to temperatures below the eutectic temperatures of 
the solutes of the sap might benefit by water retained in the liquid state 
through binding, perhaps the dominant factor involved in most cases is the 
unusual eapacity of these plants to survive desiccation. It appears that the 
water in the sap of plants behaves just as it does in other aqueous solutions 
of similar complexity and may exhibit apparently abnormal behavior due to 
special properties of the components of the sap, especially erystalloidal com- 
ponents. 


Summary 


The bound water phenomenon has been studied in sap expressed from 
hardened and unhardened wheat plants of a typically hardy variety. The 
eryoscopic method was employed, using two types of reference substances. 

The behavior of the biological solution has been interpreted on the basis 
of a similar study on artificial colloidal and non-colloidal solutions. 

It appears that ‘‘bound’’ water in plant sap, as determined by ecolligative 
methods, is a reflection of all the components of the sap and of the reference 
substance where such is used. It is a hypothetical amount of water esti- 
mated to account for the difference in value of a property of water in com- 
plex solution and its value in simple solution. 

Water in sap seems to have the normal properties of water found in any 
complex solution. 

Changes in the thermodynamie activity of water in sap as plants harden 
may be accounted for most satisfactorily by the quantitative and qualitative 
changes in solutes as a result of physiological response to environment. 


The writer acknowledges a debt of gratitude to Dr. A. R. Davis for as- 
sistance and encouragement during the progress of this study. 
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THE RESPIRATORY METABOLISM OF McINTOSH APPLES 
DURING ONTOGENY, AS DETERMINED AT 22° C. 


G. KROTKOV 


(WITH NINE FIGURES) 


Introduction 


Our knowledge of the respiratory metabolism of an apple fruit has been 
derived heretofore from examinations of continuous respiration records, 
and from the study of records so short, that they give nothing but the initial 
rates of respiration. The former are available only for apples in the later 
stages of their life (1, 3) ; the latter provide information for apples in all 
stages of their ontogeny (2). 

A respiration record of a starving fruit may be looked upon as an ex- 
pression of the physiological state, in which this fruit was present at the 
beginning of examination. By comparing a number of such records, pro- 
duced by fruits in various stages of their ontogeny, one can follow the 
changes in the physiological state of a fruit during its development. By 
extrapolating the tendencies observed during ontogeny to the time of com- 
mercial picking in the fall, one gets a picture of the physiological drifts in a 
fruit at that time. 

Such a method of attack, based on the knowledge of the past history, 
ean give valuable information which cannot be easily obtained from direct 
studies of a fruit already in storage. Since a search through the literature 
failed to reveal any complete sets of such records for any variety of apple, 
it was decided to obtain them. The McIntosh apple was selected as experi- 
mental material since it is one of our most important commercial varieties. 


Materials and methods 


The work reported below was carried out in 1939, following the pre- 
liminary tests of the preceding year. A full grown MelIntosh tree was 
selected in one of the largest commercial orchards near Kingston, and all 
of the apples studied came from this tree. Apple blossoms began to drop 
their petals on June Ist, and this date was taken as the time of fruit setting. 

Samples of apples were taken throughout their ontogeny, beginning 
from two weeks after setting, and continuing until the death in storage of 
all the apples picked later in the fall. During the summer and early in 
the fall, fruits were picked directly from the tree. On October 2, all the 
remaining apples were gathered, and a hamper of ungraded fruits was 
brought to the same constant temperature room in which all the samples 
were kept for study. They were spread on shelves in boxes and a stream 


799 








800 PLANT PHYSIOLOGY 


of air was drawn over them to remove the CO, produced. All of the samples 
taken after this date were selected from these apples. Throughout the 
ontogeny samples were taken for respiration studies and starch deter- 
minations. 

Samples taken for respiration studies on June 14, 16, 27, and 29 con- 
sisted of six, six, five, and two apples, respectively. All subsequent samples 
were of one apple each. Previous to the taking of each sample, all available 
apples were examined, and only average looking fruits were selected. As 
soon as a sample was taken, notes were made on the color of the apple. The 
fruit was then brought to the laboratory, weighed, and enclosed in a glass 
respiration chamber,’ which in turn was placed in a constant temperature 
room kept at 22+ 0.5° C. A stream of air drawn by a pump was passed 
over soda lime to free it from CO,., over a weak solution of Ba(OH), to 
bring it to a constant moisture content, over an apple in the respiration 
chamber and, finally, through a Pettenkoffer tube filled with 50 ml. of 
standard Ba(OH).. The Pettenkoffer tubes were changed daily, and the 
residual Ba(OH), of each tube was titrated against standard HCl, using 
phenolphthalein as an indicator. The results have been expressed as milli- 
grams of CO, produced per 100 grams of the initial apple fresh weight 
per hour. 

Respiration of every sample was followed until the breakdown of the 
apple was apparent. With one exception, this appeared to have been caused 
by fungal infection spreading from the calyx. In only one case (sample 33), 
was it apparently due to some internal cause. One or two days previous to 
this apparent breakdown, there was a sudden and considerable inerease in 
the CO, production, which apparently was produced while the internal 
organization of the apple was breaking down. In this work the respiration 
record was considered to have terminated immediately after the last low 
value, subsequent to which there was this increase in the CO, production, 
and one or two days later an apparent disintegration of the apple. 

Samples of apples for the tests of their starch content with iodine were 
taken throughout the entire ontogeny of fruits. Each of these samples 
consisted of several apples, one of which was tested at once; the remainder 
were put in the same constant temperature room under conditions similar 
to those of the respiration samples. The starch content of these apples 
was determined later. 

Results 

Respiration records produced by different samples are shown in figures 
1-4. Chronological number of each sample is given in the upper left-hand 
corner. At the bottom of each record there are letters, indicating the ground 
color of the apple at the time of its examination. Four colors were distin- 

1 Made by C. L. Muller, 6 Parton St., Red Lion Square, London, W. C. 1, England. 
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guished : green (G), yellowish-green (Y—G) greenish-yellow (G—Y) and yel- 
low (Y). 

Respiration of every apple from nos. 35 to 27 was represented essentially 
by the same gently declining line, which had been previously reported by 
several workers (1,3) for the apples in storage. None of these apples were 
of pure green color, and all showed a transition from green to yellow. The 
most apparent point of difference among these records was that of duration: 
the earlier an apple was taken, the longer it lasted. 

The respiration record of apple no. 25 was not of the same continuously 
declining type. It started with a low initial value, went up rapidly in the 
climacteric rise, after which it continuously sloped down, in the same man- 
g g 
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Fie. 1. Respiration records of apple fruits during starvation. The first date on the 
abscissa is the day of taking the sample. 


ner, as did all the samples taken later. The climacteric rise for McIntosh 
apples was previously reported by PHruuips (4). 

Apple no. 23, which was taken six days earlier, not only displayed the 
same climacteric as did no. 25, but previous to this it exhibited a brief 
preclimacterie period of several days duration. 

The record of apple no. 21, though essentially of the same type as that 
of no. 23, showed for the first time a new feature. Following a climacteric 
rise, it did not slope continuously down, as was the case in all of the apples 
taken later; after a brief decline it again rose slightly, and then resumed 
its steady fall. This temporary rise on the declining arm of the respiration 
record might be passed unobserved, if it were not for the fact that apples 
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picked earlier had this hump developed to a considerably greater degree. 
In the record of apple 13a this hump was even larger than the climacteric 
itself. This additional rise and fall has been provisionally called a ‘‘post- 
climacteric hump,’’ since it occurred after the climacteric. 

In the record of apple lla this postclimacteric hump was obscure. In 
that of apple 9c it was again quite apparent, though developed to a con- 
siderably lesser extent than the climacteric. In addition, this hump 
shifted its place from that shortly after the climacteric, to the end of the 
record. A postclimacteric hump was absent from the records of all the 
samples taken earlier than was 9c. 
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Fic. 2. Respiration records of apple fruits during starvation. The first date on the 
abscissa is the day of taking the sample. 


While in the records of apples from 23 to 19 the preclimacteric period 
was represented by a straight line more or less parallel to abscissa, the first 
deviation from this type was produced by apple 17a. In this sample, the 
respiration record started with a high value, declined rapidly at first, and 
flattened out later. This deviation is still more pronounced in the record 
of apple 15a, and especially in that of 13a. In the last record there was 
an appearance of another possible feature of a preclimacteric period: an 
indication of a slight hump in its flat portion. This hump was displayed 
even more by apple lla, and in apple 9c it was developed only slightly 
less at its peak, than was the climacteric itself. Since this hump was present 
in the preclimacteric period of a respiration record, it has been provisionally 
called a ‘‘preclimacteric hump.’’ 


All of the apples, whose respiration records are shown in figures 2 and 3, 
were initially green in their ground color, and all of them began to turn 
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yellow after the beginning of the climacteric. We can consider, therefore, 
that one of the signs of the onset of a climacteric, is this change in color 
from green to yellow. 

Respiration records of samples of 2 to 7b were all essentially of the 
same declining type—falling more rapidly at first and with a tendency to 
flatten out later. On this type of record there might be present either one 
(sample 3a, 3c), or several (sample 7b) humps. 

Tests for the presence of starch in apples revealed that no starch was 
present in apples picked on June 28th. On July 6th the first traces of starch 
were observed ; from July 11th and until August 8th there was an abundance 
of starch in both cortex and pith. From August 15th there began a con- 
tinuous decrease in the starch content until apples examined on October 
12th either had no starch at all, or mere traces of it. 

As the place for the storage of starch, the cortex of the receptacle (out- 
side the ring of vascular bundles) was found to be far more important than 
the pith. In the earlier stages of ontogeny the appearance of starch in the 
pith lagged behind its appearance in cortex. In the later stages starch 
disappeared at first from the pith and only later from the cortex. Disap- 
pearance of starch from the cortex was found to take place in the three 
following stages: 

(1) There was an appearance of clear areas without any starch in other- 
wise starch-containing tissue. This suggested at least a physiological 
heterogeneity of tissue; otherwise there should be a uniform decrease in 
the intensity of the blue color throughout the whole cortex. 

(2) Starch-containing areas changed their color from very deep blue to 
lighter shades. 

(3) There was a progressive disappearance of starch, starting from the 
center of an apple and spreading towards its periphery. The last traces 
of starch were always found under the skin. 

Since exact quantitative data are lacking, no complete picture can be 
given now on the disappearance of starch from apples during starvation. 
The general trend of events is clear however. Starch is brought down from 
abundance to mere traces within two weeks, and when its initial amounts 
are low, this time may be shortened even more. 


Analysis and interpretation of data 


The initial respiration rates plotted against the time of taking samples 
are shown in figure 5. The graph obtained represents the changes in the 
respiratory potentiality of apples during their ontogeny, and is an approxi- 
mation to the respiration of apples on a tree and in storage, when corrected 
to the same temperature of 22° C. 


During the early part of its course this graph declines rapidly, while 
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later its fall is more gradual. Shortly before the time of picking of apples 
in October it goes up in the climacteric rise, following which there is a gentle 
decline until death in storage. This rapid decline of respiration during the 
first month of growth (June) corresponds to the period of cell multiplica- 
tion. Absence of starch during this month is probably due to a heavy de- 
mand on sugars for the formation of new cells. When, in the following 
stage of cell enlargement, this demand subsides, then the excess of sugars 
is condensed into starch. 
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Fig. 5. Changes in the initial respiration rates of apple fruits during ontogeny. 


Examination of figures 2 and 3 reveals that in each respiration record 
the minimal rates at the end of its preclimacteric and climacteric periods 
are usually not far apart. Figure 6 compares these two rates for the various 
samples of apples, and it is evident that these two are very close in each respi- 
ration record, and also that in different records they both vary in the same 
direction. Apples, taken after September 25, have no preclimacteric period ; 
in such fruits only climacteric minimal rates are available. 


Two explanations have been given as to the cause of the respiration rise 
in a climacteric. BLACKMAN (1) suggested that this is due to an increase 











806 PLANT PHYSIOLOGY 


in the hydrolysis facilities of tissues, as result of which there is an increase 
in the concentration of the respiratory substrate. On the other hand, 
Kipp (2) considered it to be connected with some change in protoplasm itself. 

The mutual proximity of the minimal preclimacteric and climacteric 
rates in each record can easily be explained as caused by changes in the 
concentration of the respiratory substrate. On this ground the observed 
decrease in the respiration during the preclimacteric period is due to the 
progessively decreasing concentrations of the respiratory substrate. When 
the amount of this substrate broken down just fails to yield the amount of 
energy necessary for the maintenance of the proper protoplasmic organi- 
zation, then there is an appearance of either a new substrate, or, if still the 
same, at least from a new source. The increased concentrations of this new 
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Fic. 6. Changes in the preclimacteric and climacteric minimal respiration rates of 
apple fruits during ontogeny. 


substrate are causing an increase in the respiration rates resulting in the 
climacteric rise. 

This new substrate, however, is eventually also brought down to such a 
low concentrataion that it fails to yield the necessary amount of energy. 
When this does happen, death occurs since there is no other source of the 
respiratory substrate to supply the deficiency. This mutual proximity of 
the minimal preclimacteric and climacteric respiration rates is due then to 
the fact that both represent the same thing; namely, the basal rate of 
metabolism for these apples under the described conditions. An increase of 
this rate in younger apples, and decrease in older, supports this view. 

It was pointed out earlier in this paper that with the exception of one 
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sample, death appeared to have been caused by fungi. It is hardly a coinci- 
dence, that an apple always succumbed to a fungus at the time its climacteric 
respiratory rate dropped to the same low value, as it had been at the end 
of its preclimacteric period. A more probable explanation of this fact is 
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Fie. 7. Total CO, produced in starvation by apple fruits in various stages of 
ontogeny. 
that a fungal infection did take place only when an apple has reached a 
definite physiological state, represented by a definite rate of respiration. 
According to the view outlined above, an apple succumbed to a fungal attack 
when its respiration fell below its basal metabolic rate, and the final disinte- 
gration of its protoplasmic organization already was beginning to take place. 
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In other words a fungal infection was one of the consequences of death, and 
not the cause of it. 

The preclimacteric and postclimacteric humps are two other peaks which 
were observed on some respiration records. The preclimacteric hump was 
present in samples 13a, lla, 9b, and, probably, in 3a. The reason why the 
hump produced by sample 3a is considered to be preclimacteric, lies in the 
absence of color changes. It was pointed out earlier in the paper, that a 
climacteric period is associated with the change of color from green to yel- 
low. Since sample 3a remained green throughout its entire life, in the 
absence of any better methods for the identification of this period, the stand 
is taken that this hump is a preclimacteric and not a climacteric one. 

Figure 7 gives for various samples the total CO, produced by the whole 
record, as well as CO, produced during its preclimacterie and climacteric 
periods. The graph for the total CO, production starts with a high value, 
and falls rapidly during the month of June.? It goes up from the beginning 
of July and reaches its peak by the end of the month; after this there is a 
continuous decline, rapid at first and slower later, interrupted only by a 
secondary peak at the time of the climacteric. 

No separation of respiration records into the preclimacteric and climac- 
teric periods can be seen in samples taken during the month of Jane. But 
when in later samples, such a separation becomes established, the climacteric 
period then contributes the bulk of CO,.. The graph for the CO, produced 
in the climacteric is at first closely parallel to that of the total CO,; from 
the end of September, when the preclimacteric period disappears entirely, 
these two graphs merge into one. 

The ground on which the hump exhibited by sample 3a is considered to 
be preclimacteric and not climacteric, has been given above. Other samples 
taken in June produced continually declining respiration records; humps, 
if present, were not followed by death; and, finally, apples did not show 
color changes from green to yellow. 

On all these grounds respiration records of June samples have to be 
considered as represented by the preclimacteric periods only. On the basis 
of this conclusion figure 8 gives the total CO, of both preelimacteric and 
climacteric periods of respiration, produced by apples in various stages of 
their ontogeny. In June, when apples are present in the stage of cell multi- 
plication, all their CO, is produced in the preclimacteric period. The onset 
of cell enlargement brings a steady decline of the preclimacteric, inter- 
rupted only by two secondary peaks, and by the end of September this 

2 The two last values of this month, while placed on this graph correetly chronolog- 
ically, ontogenetically should be plotted earlier. Samples 7a and 7b, taken on June 29th, 
both were characterized by higher initial respiration rates, than sample 5 taken on 
June 27th. 
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period disappears completely. On the other hand the climacteric period 
does not appear until apples have entered the stage of cell enlargement. 
But once established it gains rapidly in magnitude, reaching a peak a few 
weeks later, and then declines until the complete extinction of the pre- 
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Fig. 8. Total CO, produced in the preclimacteric and climacteric periods by apple 
fruits in various stages of ontogeny. 


climacteric period. From this time on the climacteric is the only period 
represented in respiration. 

Figure 9 presents, for the various samples, the length in days of total 
respiration records, and the respective preclimacteric and climacteric 
periods. A careful examination of this figure, and its comparison with 
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figure 7, reveals a considerable similarity between the two. The most 
apparent difference is the short life of apples picked in June, in spite of 
the large amounts of CO, produced by them. But from the beginning of 
July onward, the total life of an apple, and the duration of its preclimacterie 


and climacteric periods are all directly proportional to the total amounts 
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of CO, produced in them. Since during this time CO, is produced either 
mainly or exclusively in the climacteric period, the duration of life depends 
now on the total amounts of the substrate for this period present in an apple. 
The larger these amounts, the longer an apple will last. The practical im- 
portance of more work for the elucidation of the nature of this substrate 
and of the conditions favoring its accumulation is obvious. 

The work reported above was actually carried out using as experimental 
materials, not oniy McIntosh but Northern Spy apples as well. The data 
obtained for both apples, while different quantitatively, were so alike quali- 
tatively, that in some cases data for the Spy apples helped in the interpreta- 
tion of those for the McIntosh. The only important point of difference 
between the two varieties is the greater sensitivity of Spy apples to higher 
temperatures in later stages of their ontogeny. Thus while early Spy 
samples produced respiration records strikingly similar to those of Me- 
Intosh, samples studied in October began to disintegrate before their climac- 
teric rate reached a value comparable to their minimal preclimacteric value. 
Duration of life in such Spies was considerably less than in McIntosh apples. 


Summary 


1. A number of continuous respiration records of McIntosh apples is 
presented. These were produced by samples of apples taken throughout 
the whole ontogeny of the fruits, and stored at 22° C. 

2. A complete respiration record of a fruit is found to consist of a pre- 
climacteric and a climacteric period. The relative importance of these two 
periods in various stages of fruit ontogeny is described. It is shown that 
the earliest records are represented by the preclimacteric and the latest by 
the climacteric periods only. 

3. A tentative explanation is given of changes in a complete respiration 
record, based on the assumption that these are due to variations in the con- 
centration of the respiratory substrate. 

4. From the data presented it is concluded that a fungal infection did 
take place only after an apple had reached a definite physiological stage of 
its starvation, and when disintegration of its protoplasmic organization 
already was taking place. Fungal infection, consequently, was one of the 
consequences of death, not the cause of it. 

5. The life in days is given for the apples in various stages of their 
ontogeny. From the beginning of July and onward, a direct proportionality 
is observed between the duration of life, and the total amounts of the CO. 
produced by apples in the climacteric period of their respiration. 

6. The value of the reported work is considered to be two-fold: first, it 
gives a general idea of the respiratory metabolism of McIntosh apples during 
their ontogeny ; second, it may serve as a kind of time table, so that if in 
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the future it is decided to investigate in detail any particular stage of 
metabolism, one can choose for this purpose the best suited age of apples, 
and one knows how far apart samples for analysis should be taken. 


The author wishes to express his thanks to Mr. L. Day for the technical 
help in carrying out these experiments, and to Mr. P. H. LaBrosse who 
kindly provided all of the experimental material from his orchard. Part 
of the expense of this research was defrayed by a grant from the Science 
Research Committee of Queen’s University. 
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THE EFFECT ON BARLEY SEEDLINGS OF SOME INTER- 
RELATIONS OF CATIONS AND ANIONS IN A 
THREE-SALT NUTRIENT SOLUTION 


WENDELL R. MULLISON 


(WITH TWO FIGURES ) 


Many investigations have been made of the nutrition of plants grown in 
sand and water culture, and more particularly of the results of the de- 
ficiency of one or more specified ions in an otherwise complete nutrient 
solution. In almost every case, the deficient element was replaced in the 
nutrient solution by another one. 

Recently a method was described by HAMNER (4)' whereby the anions or 
the cations of a three-salt nutrient solution could be varied and yet have the 
rest of the nutrient solution almost constant without the addition of other 
elements than the original ones. Thus, calcium, magnesium, and potassium 
could be varied while the nitrates, sulphates, and phosphates remained 
nearly constant, and vice versa. By this method, involving the use of two 
triangle systems, the concentrations of only three ions, cations or anions as 
desired, are varied whereas in the ordinary triangles both the anions and 
cations are varied, thus resulting in the variations of all six ions at the same 
time (7). 

This method was first used in studying growth responses of a legume, 
and sinee this type of plant often has a different physiological response from 
other plants, the following experiments were carried out with barley, a 
member of the grass family. 

Barley seeds selected for uniformity were planted in quartz sand in 
glazed 4.x 8-ineh self-draining crocks. Ten seeds were planted in each 
crock and three crocks were used for each point of the triangle. Plants were 
watered with distilled water until the first leaf was about 5 em. tall, after 
which they were watered on alternate days with nutrient solution and were 
flushed out each week with distilled water. 

All experiments were repeated twice later in the summer, so that a total 
of about four thousand plants was used. The investigations were begun 
in June and continued through September. Plants were grown 
ordinary greenhouse conditions of light and humidity. 


under 


Two nutrient triangles were used. In the first triangle, three stock 
solutions, N, S, and P were prepared. Solution N consisted of 6.0045 
molar KNO,, 0.0045 molar Mg(NO,)., and 0.006 molar Ca(NO,).. Solu- 
tion S consisted of 0.0045 molar K.SO,, 0.0045 molar MeSO,, and 0.006 


1 Somewhat similar attacks upon this problem have been made by 


BECKENBACH, 
WADLEIGH, and SHIVE (1), and WADLEIGH (8). 
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molar CaSO,. Solution P consisted of 0.006 molar Ca(H,PO,),, 0.0045 
molar KH,PO,, and 0.0045 molar Mg(H,PO,).. The latter compound 
rather than MgHPO, was used because of its greater solubility and because 
its use allows the anions to be kept more nearly constant. The CaS0O,, 
instead of being added as such, was made by adding equivalent amounts of 
finely powdered CaCO, and H.SO,. This was done because of the slowness 
with which CaSO, dissolves. By these two modifications, it is possible to 
have all components go quickly into solution and to avoid the formation of a 
fine sludge in certain of the stock solutions which often occurs if the original 
method is followed. 

By varying the amounts used of each of the solutions N, 8, and P, the 
anions could be varied, while the cations remained practically constant. 

In the second triangle there were three stock solutions: M, K, and C. 
Solution M consisted of 0.0045 molar Mg(NO,)., 0.0045 molar MgSO,, and 
0.0045 molar Mg(H.PO,).. Solution K consisted of 0.0045 molar KNO,, 
0.0045 molar K,SO,, and 0.0045 molar KH,PO,. Solution C consisted of 
0.006 molar Ca(NO,)., 0.006 molar Ca(H,PO,)., and 0.006 molar CaS0O,, 
the latter being added by the same method as described above for the first 
triangle. By varying the amounts of each one of the nutrient solutions 
M, K, and C the cations can be varied at will while the anions remain 
practically constant. 

In the first triangle, plants at one corner were watered only with solu- 
tion N, at a second corner with 8, and at the third only with P. Similarly, 
in the second triangle, the corner plants were watered only with solution M, 
or K, or C. All intermediate points of each triangle were watered with 
solutions made by mixing together various amounts of the three stock solu- 
tions, so that each point on the triangle varied by } from every other 
point, thus making a total of 28 different nutrient solutions in each triangle 
(see figs. 1 and 2). 

In addition to the plants in the triangle, a group of 50 was set aside as a 
control and was fed with a three-salt nutrient solution composed of 0.006 
molar Ca( NO, )., 0.0045 molar KH.PO,, and 0.0045 molar MgSO,,. 

All plants were harvested when twenty days old. Heights of plants and 
dry weights of roots and tops are recorded in figures 1 and 2. Since the 
light was much poorer during August than during July, the plants grown 
later in the season did not synthesize as much dry matter and were some- 
what slower to respond to the various treatments than were those grown 
earlier, but the same relative results were obtained. 


Results and discussion 


TRIANGLE I. NO,, SO,, PO, vartep: Mg. K. Ca constant 


Initial deficiency symptoms in this triangle appeared within three or 
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four days after the first application of nutrients. In that series along the 
side of the triangle in which there was a complete absence of NOs, and 
varying amounts of SO, and PO,, the leaf tips began to show a slight 
yellowing, followed shortly by a progressive death of the leaf from tip 
toward base. This necrosis occurred where the SO, was decreased to % or 
less than % of its maximum value, becoming more severe as the SO, decreased 





Fic. 1. Triangle I. Each point of the triangle was watered with the fractions of 
solutions N, 8 and P indicated in each circle. Solution N contains various nitrates; S 
sulphates; and P, phosphates. T and R indicate dry weights in grams of tops and roots, 
respectively. H indicates average heights in em. of plants in each treatment. 

Data for the controls: 


, 


Tops 0.877 grams 
Roots 0.764 grams 
Height 18 em. 


and the PO, increased. The plants given the solution in which the PO, was 
increased to its maximum and the SO, omitted were almost entirely dead by 
the time of harvest. On the other hand, if the SO, was raised to 2 of its 


maximum and the PO, reduced to }, the plants were only slightly stunted 
and a little yellowed because of the lack of NO,. Whether this decrease in 








816 PLANT PHYSIOLOGY 


toxicity with the increasing amount of SO, is caused by the actual presence 
of larger amounts of SO, or merely by the decreased amount of PO, is not 
known, since as the SO, increases the PO, decreases according to the set-up 
of the triangle. 

In that series watered with solutions containing no SO, but having vary- 
ing relative amounts of NO, and PO,, the same toxic symptoms appeared 
when PO, was relatively high in amount and the NO, low, although these 
plants were markedly better than those given the SO,-PO, complex in the 
absence of NO;. NO, was highly effective in preventing the toxie effect of 
excessive PO,, even a small amount of NO, preventing the toxic effect of a 
large amount of PO,. 

That series of plants supplied with a solution lacking PO, and with vary- 
ing relative amounts of NO, and SO, were uniformly good, the plants at the 
time of harvest being still too young for the PO, deficiency to have been 
manifested. All this points definitely to a pronounced PO, toxicity when 
NO, is absent, or present in only a low concentration. This has been 
previously shown by HAMNER (4) in his work on bean seedlings. Moore (6) 
also found evidence of PO, toxicity in peanut seedlings. 

The results of the treatments in the central regions of the triangle showed 
such slight variations as not to be significant, those with relatively low N 
being almost as vigorous as those with much N. 

That solution containing only NO, and no SO, or PO, produced plants 
comparable to those receiving balanced solutions. This is probably because 
there were enough materials in the seeds to take care of the deficiencies in 
the solutions until the time of harvest. The solution containing only SO, 
as the cation produced plants which, although stunted and a little lighter 
green because of the lack of NO, were nevertheless in good condition. This 
was in marked contrast to those plants receiving PO, as the only cation. 
The latter were very poor. This again indicates the toxicity of PO, in the 
absence of NQ,. 

In this triangle the roots were but slightly affected by the different 
nutritional treatments. Their size and weights were all remarkably similar, 
except for that series given the solution entirely lacking NO, and having 
varying amounts of SO, and PO,. Here again, as in the case of the tops, 
there was a definite decrease in weight as the PO, inereased and the SO, 
decreased. 


TRIANGLE II. Meg, K, Ca vArtep; NO,, SO,, PO, coNSTANT 


Here the first and the most severe symptoms to appear were those of K 


deficiency. In fact, these manifestations appeared in 2 to 3 days, even 
before the PO, toxicity or the NO, deficiency in triangie I. The first appar- 
ent reaction to K deficiency was a stunting of the plant, which was much 











MULLISON : INTERRELATIONS OF IONS 817 


more marked than the stunting brought about in a comparable period of 
time by lack of N. This stunting was followed rapidly by a yellowing and 
subsequent browning of the leaf starting at the tip and progressing towards 
the base. This occurred in the entire series of plants on that side of the 
triangle lacking K and having varying amounts of Ca and Mg. Here the 
plants were all uniformly very poor, there being apparently no Ca-Mg re- 
lationship affecting this die-back. Whether high in Ca and low in Mg or 





Fic. 2. Triangle II. Each point of the triangle was watered with the fractions of 
solutions M, K, and C indicated in each circle. Solution M contains Mg salts; K, potas- 


sium salts; C, calcium salts. T and R indicate dry weights in grams of tops and roots, 


respectively. H indicates average heights in cm. of plants in each treatment. 


vice versa, the K deficiency symptoms appeared at about the same time and 
progressed at about the same rate. The reaction was so severe that in some 
cases more than # of the plant tops were dead at the time of harvest. 
Those plants given the solution in which Mg was the only cation, however, 
reacted somewhat differently. Instead of vellowing they became a creamy 
white, and the tips shriveled more slowly than did the others, so that the 
basal parts remained white and without withering for a long time; finally 
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only 4-inch of the extreme basal parts of the leaves remained a healthy green 
color. This reaction is undoubtedly caused by the réle which Mg plays in 
the formation of the chlorophyll molecule. 

In the series on the side of the triangle given the solutions containing no 
Ca and varying amounts of Mg and K, the leaves were not seriously af- 
fected as they were in the series lacking K. Here where the amount of Mg 
was high as compared with K, the growing points were killed. This oe- 
curred in all cases where the Mg was more than 4 of its possible maximum. 
Even where it was 3, there were many individual cases with dead growing 
points. Where the Mg was decreased to } its maximum value, however, and 
K increased to %, the growing points were usually unaffected; any further 
decrease in the Mg left the growing points healthy. Thus, in the absence 
of both Ca and Mg in the nutrient solution the growing points remained 
healthy. This points definitely to a toxic effeet of Mg, rather than to a Ca 
deficiency in these seedlings. Gaucu (3) in his work on bean seedlings 
points out the extreme toxicity of Mg in the absence of Ca. It is not known 
whether variations in the concentration of K may affect this Mg toxicity 
manifested in the absence of Ca, since in accordance with the setup of this 
triangle as the K concentration increases, the Mg concentration is propor- 
tionately decreased. Therefore, this decrease of injury with the increasing 
K may be caused simply by the accompanying reduction in the amount of 
Mg. 

The plants on the side of the triangle lacking Mg were fairly good. They 
were best at the end where the concentration of K was highest, and decreased 
in weight as the K decreased and the Ca increased. 

Of the three cations present in the nutrient solution, the K was the most 
important one in maintaining the plants in a vigorous state. Deficiency of 
K was the first deficiency to appear and plants suffering from it were the 
poorest of all deficient plants at the time of harvest. 

Since Ca and K, particularly the latter, are known to be associated with 
root growth, it might be expected that the roots would be markedly affected 
by the different nutritional treatments in this triangle. They were actually 
affected to such a degree that in some cases they were less than 4 the normal 
size and weight. The most pronounced effect was in that series lacking K. 
Although in this series the amount of Ca varied inversely with the amount 
of Mg in the nutrient solutions, the roots were in all cases rather uniformly 
stunted. The roots, although dwarfed, were apparently healthy. 

Considering all plants in both triangles, it may be said that in general 
those given the solutions in which the K, Ca, and Mg were kept constant and 
the NO;, SO,, and PO, were varied did better than the plants in the other 
triangle. The most vigorous plants, in either triangle, however, compared 
very favorably with those in the other. Certain combinations of nutrients 
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in the triangles produced plants that are comparable with those given the 
three-salt nutrient solution. The former are the equals of the latter in 
every way. Data for the controls are found in the legend for figure 1. 

Greaory (2) based his mathematical approach to this problem upon the 
false philosophical assumption that the effects of the ions involved are 
additive and did not allow for interaction among them. He recognized this 
fault but used the assumption for the purpose of simplification. Neverthe- 
less, several of his conclusions are in accord with experimental evidence pre- 
sented in this paper, and it is still more interesting when one considers that 
his data came from Jounston (5), who had designed his experiment for an 
entirely different purpose. The author disagrees with GREGORY in one im- 
portant point. The latter finds Ca to be the most important cation and K 
the least while the present work indicates K to be more important than Ca. 

In arriving at these conclusions for the work reported here, it must be 
remembered that the experiments were with seedlings and these results 
might be different if the plants were grown to maturity. 


Summary 


1. A study was made of the effect on barley seedlings of the interrela- 
tions of the cations and the anions present in a three-salt nutrient solution. 

2. The plants of the triangle in which the anions were varied were as a 
whole better than plants of the triangle in which the cations varied. 

3. The variations in the nutrient solutions had their greatest effect upon 
the top growth of the plants. The root growth was much more uniform 
except in the absence of K which caused a marked decrease in size and weight 
of roots. 

4. In the absence of nitrates, or when a high phosphate-low nitrate 
relationship existed a marked phosphorous toxicity became apparent. 

5. Potassium deficiency symptoms appeared extremely early, before 
signs of deficiency or toxicity of any other element. A severe die back of 
the leaves of these seedlings resulted. 

6. A high concentration of Mg in conjunction with an absence of Ca in 
the nutrient solution resulted in the death of the terminal meristem, and 
caused some stunting and chlorosis. 
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MOISTURE DISTRIBUTION IN SOIL IN CONTAINERS 


A. H. HENDRICKSON AND F. J. VEIHMEYER 
(WITH THREE FIGURES ) 


In many problems dealing with the use of water by plants, containers 
of various sizes are adopted, in which the system is sealed against loss of 
moisture by evaporation from the surface, and against loss by drainage. 
These containers are usually weighed at intervals, and water added in mea- 
sured quantities to bring about the moisture conditions desired by the in- 
vestigator. Generally, these experiments contain several series of containers 
that are supposed to be moistened uniformly, and kept at moisture contents 
less than that of the field capacity of the soil used. A report was made on 
the distribution of moisture in soil following an irrigation in various field 
experiments (1, 3, 5, 6), in which it was shown that water moves but slowly 
from soil at field capacity to adjoining dry soil, and that, in the absence of 
roots, the line of demarcation between the wet and the dry soil does not 
change during relatively long periods of time. In another paper (2) evi- 
dence was presented which showed that the movement of moisture from a 
wet to a dry soil in containers, takes place in the same way that it does under 
field conditions. The lack of uniform distribution of moisture by auto- 
irrigators was shown by the accumulation of roots immediately around and 
below the porous cones. <A device for automatically bringing the moisture 
in a soil in a container up to the field capacity is described by JOHNSTON 
and ATKins (4). 

The following results show some of the soil-moisture conditions obtained 
in experiments with sunflower plants in containers, when the soil was wetted 
to the field capacity, and when attempts were made to moisten soil at the 
permanent wilting percentage, to a moisture content less than that of the 
field capacity. Three soils, a sand, a loam, and a clay adobe, were used. 
The containers were all brought to a uniform weight for convenience in 
handling, and a known weight (about 600 grams) of oven dry soil was placed 
in each. The soil was moistened to its field capacity and dwarf sunflowers 
planted. When the sunflower plants had reached a height of about 12 em. 
and each had 3 pairs of full sized leaves, they were allowed to wilt. The 
wilting percentages obtained agreed with those obtained in previous trials 
with these soils. After wilting, various amounts of water were added to the 
surface of the soil. The plants were then cut off and the container sealed 
until the following day when the cans were cut longitudinally with a hack 
saw, and photographed. Soil samples of the top and bottom portions were 
taken for the determination of the moisture content. The moisture equiva- 
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lents, which agreed closely with the field capacities of these soils, were 
obtained from the stock supply by centrifuging in the usual way. 

The penetration of water was not uniform, and there was a tendency 
for the water to move down along the sides of the can. This tendency was 
more pronounced with the loam and clay adobe soils than with the sand. 
In addition to the cracks around the sides of the container, the loam and 
clay adobe soils had other cracks on the surface that permitted deeper pene- 
tration of water in some places than in others. Difficulty was experienced 
in taking the samples to make sure that some dry soil was not ineluded in 
the moist sample, particularly when the samples were being taken near the 
margin of penetration. The samples from the bottom of the cans frequently 
showed evidence of moisture that had moved down through the cracks. 

The results obtained are given in table I. 


TABLE I 


MOISTURE DISTRIBUTION IN SOILS IN CONTAINERS IN WHICH THE SOILS WERE FIRST REDUCED 
TO THE PERMANENT WILTING PERCENTAGE AND THEN WERE WATERED 








| As 7 
CALCULATED 
| ACTUAL MOISTURE 





. | PERMANENT MOISTURE 
Wow. KInD Moisture | | meme . pants | concen 
OF EQUIVA- ba 8 brine: 
BER . ase PERCENT WEIGHT 
— acai AGE \PTER WeTTreD | Dry 
WATERING PORTION | PORTION 
%o %e % % %e 
1 Fresno 9.3 2.2 3.8 8.3 3.0 
sandy 
loam 
2 — 9.3 2.2 4.4 8.1 2.6 
3 se 9.3 2.2 5.4 10.4 3.1 
4 Dublin 26.0 13.6 22.9 24.6 16.3 
adobe 
3 ee 26.0 13.6 22.9 28.3 16.5 
6 oe 28.1 14.6 20.8 22.3 16.9 
7 ee 28.1 14.6 18.1 19.4 17.6 
8 vis 28.1 14.6 19.6 24.1 15.1 
9 - 27.0 14.7 17.3 22.4 14.9 
10 a 27.0 14.7 17.8 23.3 14.3 
11 = 22.6 12.1 22.7 25.7 20.4 
12 Yolo 23.5 11.9 18.0 20.6 11.9 
loam 
13 a 24.0 11.9 15.0 19.4 11.3 
14 2s 24.0 11.9 16.1 25.5 12.2 
15 ss 24.0 11.9 23.5 22.3 20.9 
16 os 24.0 11.9 24.2 22.3 21.2 
17 + 23.5 11.8 12.1 12.1 
18 ae 23.5 11.8 11.8 11.4 


In the column headed ‘‘Caleulated moisture content by weight after 
watering,’’ are given the percentages of moisture in the soil, if the amounts 
of water had been uniformly distributed. Some of these would approxi- 
mately correspond to the terms ‘“‘high,’’ ‘‘medium,’’ and ‘“‘low’’ moisture 
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contents frequently found in the literature on this subject. The true mois- 
ture contents found are given in the last two columns. The soil-moisture 
percentages in the table are on an oven-dry weight basis. 

In the case of the three samples of Fresno sandy loam, water was added 
to the surface, to give, if the water had been uniformly distributed, moisture 
contents between the moisture equivalent and permanent wilting percentage. 
The results show, however, that the moisture contents of the upper portion 
of the soil were near the moisture equivalent, and those of the lower portion 
were near the permanent wilting percentage. Figure 1 shows the result of 





Fic. 1. Depth of penetration in a Fresno sandy loam soil when moisture was added 
to bring the average soil-moisture content by weight from the permanent wilting percent- 
age (2.2 per cent.) up to 5.4 per cent. 


attempting to bring sample 3 to a medium moisture content. 

Similar results were secured with the Dublin clay adobe. Because of 
the large cracks, it was difficult to secure samples near the bottoms of the 
containers that did not show evidence of having been moistened. Samples 
4, 5, and 6 showed that some water had penetrated through cracks to the 
bottoms of the cans. In some cases the movement of water down through 
the cracks was so rapid that portions of the soil in the upper portion of the 
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container remained dry. The unavoidable inclusions of this dry soil in the 
samples gave average moisture contents below that of the moisture equiva- 
lent because of the mixture of wet and dry portions of the soil. Sample 7 
was severely cracked and the average moisture contents agreed fairly well 
with the calculated content, although wet and dry areas could readily be 
distinguished on the surface of the soil when the can was cut. Samples 8, 
9, and 10 show fairly close agreement between the permanent wilting per- 
centage and the moisture content of the soil in the bottom portion of the can 





fic. 2. Typical example of distribution of moisture in Dublin clay adobe soil, when 
water was added to bring the average soil-moisture content by weight from the permanent 
wilting pereentage (14.6 per cent.) up to 19.6 per cent. 


indicating that no moisture had penetrated to the bottom. Sample 11 was 
brought up to the moisture equivalent, but it is possible that the soil samples 
were taken before the moisture in excess of the moisture equivalent in the 
top portion had time to drain out, because the top layer was slightly above 
the moisture equivalent, while the bottom layer was slightly below. The 
uneven distribution of moisture that frequently occurs with this type of soil, 
unless enough water is added to bring the whole soil mass to the moisture 
equivalent is shown in figure 2. 
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Trials with the Yolo soil yielded results that were similar to those ob- 
tained with the other two. Samples 12, 13, and 14 showed moisture contents 
in the upper portion in excess of the desired average, while the bottom layer 
remained at the permanent wilting percentage. The penetration of mois- 
ture in sample 12 is shown in figure 3. In sample 12 approximately half 





Fig. 3. Typical example of distribution in a Yolo loam soil when water was added 
to bring the average soil moisture content by weight from the permanent wilting percent- 
age (11.9 per cent.) up to 18.0 per cent. 


of the water required to bring the moisture content of the entire soil mass 
up to the moisture equivalent was added. The result was that only about 
half of the soil was wetted. Water penetration into the soil was greater 
along the sides of the can than it was directly under the plant. Samples 
15 and 16 were brought up to the moisture equivalent and the actual mois- 
ture contents of top and bottom portions show fair agreement with this 
value. The agreement between the permanent wilting percentages and the 
soil-moisture contents of the top and bottom portions of two cans in which 
the plants were simply allowed to wilt is shown in samples 17 and 18. 

The actual moisture contents of the soil in the top portions of the cans 
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were lower than the moisture equivalent in a number of instances. These 
differences may be accounted for, in part, at least, by the fact that cutting 
the cans was a slow process and it is probable that some moisture was lost 
from the exposed surfaces of the soil. Furthermore, it is probable that 
because of the uneven penetration of water, some dry soil was inadvertently 
included in the dry samples, particularly when the samples were taken close 
to the demarcation zone between the wetter and drier portions. 

The results presented show that, when a uniform distribution of moisture 
is desired for plants growing in a container it is necessary to add sufficient 
water to wet the entire soil mass to the moisture equivalent. Otherwise, 
when less than this amount is added, only the top layer is moistened to the 
moisture equivalent while the soil at the bottom remains dry, if no cracks 
are present. Plants growing in soil held under ‘‘medium”’ soil moisture 
conditions are not under uniform conditions but simply function with part 
of their roots in the moist top layer, and part in the dry layer beneath. 
Movement by eapillarity is so slow that the plant exhausts the available 
moisture in the top layer before any appreciable movement can take place. 

THE UNIVERSITY OF CALIFORNIA 
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EFFECTS OF INJURIES CAUSED BY THE CICADA, MAGICICADA 
SEPTENDECIM, ON THE LATER GROWTH OF TREES 


GREGORY THOENNES 


(WITH ONE FIGURE) 


It is a well-known fact that branches attacked by cicadas often die be- 
yond the point of injury. The effects of injuries too slight to cause the 
death of the branch, however, have been rarely investigated. Winson (2) 
reported damage to asparagus. Wymore (3) also reported that prune and 
apricot trees were affected, and that the insect was apparently a carrier of 
disease to asparagus. The damage in these cases, however, was mainly the 
result of the feeding of the nymphs on the foliage or roots. The damage 
resulting to the trees in consequence of the egg-laying activities of the 
adults seemingly has been overlooked. ANpREws (1), while pointing out 
that these injuries may hamper the trees more than seems to be the ease at 
first sight, seems to think, however, that the biological curiosity aroused by 
the cicada more than compensates for the harm done. 


Procedure 


In 1934 the emergence of a swarm of cicadas in eastern Missouri pro- 
vided the opportunity to study the effects of such injuries over a long period 
of time. During the six year period, 1934 to 1940, measurements of the 
yearly increase in growth of normal and damaged branches were taken. 
Both orchard and non-orchard varieties were included in the study. The 
orchard varieties studied were the apple and peach. The non-orchard types 
included the white oak, buckeye, and hard maple. In all cases the normal 
and injured branches measured were taken from the same tree and, as 
nearly as possible, in the same relative position on the tree. Branches 
showing injuries attributable to any other causes were carefully excluded. 
Thus, variations in growth owing to such conditions as sunlight, moisture, 
ete., could be eliminated. Measurements were taken of as many branches 
as possible from at least twenty trees of each type, and the data here pre- 
sented (table I) represents, in every case, the average of these figures. The 
yearly percentage of growth was caleulated on the basis of the total growth 
of the normal branches. 


Results 


Of the orchard varieties, the apple trees seem to have suffered the most 
harm. The cicadas attacked them in great numbers, and it is difficult to 
find a tree, standing at that time, whose branches do not bear sears marking 
the egg-laying activities of these insects. Although the wounds have healed 
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over, sections of branches in these areas reveal that approximately one- 
third of the xylem has broken down. Before 1934 the growth rates of the 
normal and damaged branches were practically identical. After the injury, 
however, the growth rate of the affected branches decreased progressively 
each year, until, at the end of the six-year period, their total growth was 
only about 71 per cent. of that of the normal branches (fig. 1). 
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Fig. 1. Percentage of growth in various trees following cicada injury, 1931-1940. 


Over the same period, the peach trees showed a decrease in total growth 
of about 20 per cent. (fig. 1). The decrease in growth rate was most 
marked in the three years immediately following the injury. After this 
time the growth of the damaged branches paralleled that of the normal 
branches. Sections through the injured areas revealed a breakdown of 
about 10 per cent. of the xylem in these areas. 

The non-orchard varieties showed a variation of between 10 and 20 per 
cent. in the growth of the normal and injured branches (table I). 


Discussion 


There seems to be no doubt that the injuries inflicted upon the trees by 
the adult cicadas, in the course of their egg-laying activities, do affect the 
future growth of the branches. The decrease in the growth rate seems to be 
directly proportional to the breakdown of the water-vascular system. 
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In the ease of the peach trees, the return to a normal growth rate seems 
to be attributable to several factors: 1) the extent of the injury; 2) the 
vitality of the trees; and 3) the care given the trees. As has been pointed 
out only about 10 per cent. of the xylem in these trees was affected. The 
trees, being quite young, were growing very rapidly at the time of injury, 
and the damage was quickly repaired. Consequently, the amount of con- 
ducting tissue, while insufficient for two or three years, was rapidly in- 
ereased, so that at the end of this time it was sufficient to take care of the 
needs of the branches, and growth proceeded at a normal rate. 

Then, as these trees were younger and less severely injured, greater 
efforts were made to save them. They were cultivated and pruned oftener 
than the apple trees, and this undoubtedly facilitated the absorption of a 
greater amount of moisture. 

In the ease of non-orchard varieties, the decrease in growth seems to be 
directly proportional to the extent of injury. 

It may then be concluded that injuries to trees, caused by such insects as 
cicadas, while often too slight to result in the death of the affected branches, 
may influence their later growth. The extent to which the growth rate is 
modified is proportional to the degree of injury, as reflected in the amount 
of conducting tissue destroyed. The age and vitality of the tree at the time 
of injury, and the care given the tree after injury, are factors which tend 
to influence the later growth of the damaged tree. 


Summary 


1. The egg-laying activities of the cicada, Magicicada septendecim, cause 
injuries to trees that affect their later growth. 

2. The extent to which the growth rate is affected is proportional to the 
degree of injury. 

3. The effect is apparently the result of the destruction or modification 
of water-conducting tissue (xylem). 

4. The age and vitality of the tree at the time of injury, and the eare 
given the tree after injury, are factors which tend to modify the harm done 
to the tree. 
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A SIEVE TUBE TRANSLOCATION MODEL 
RAYMOND E. GIRTON 
(WITH ONE FIGURE) 


The mechanism of solute transport in the phloem suggested by DE VRIES 
(2) and favored by Curtis (1) stresses protoplasmic streaming as the agent 
responsible for rapid translocation. The effectiveness of much a system can 
be shown to students of plant physiology by means of the simple demonstra- 
tion model herein described. 

A piece of glass tubing, (b, in fig. 1) 2 x 45 em., constitutes the enlarged 
‘*sieve tube.’’ This tube is divided into two cells by means of a porous 
‘*sieve plate’’ (e, and e’), which is constructed of a disk of wire gauze. The 
disk is held in position by means of two thin sections of rubber tubing. This 
tubing should be large enough to fit the inside of the glass tube snugly and 
thus prevent the disk from sliding out of position. A solid rubber stopper 
(a2) is inserted into the lower end of the tube and a one-hole stopper (a,) 
inserted into the upper end. 

Prior to the actual operation, the upper stopper is removed temporarily, 
the tube is filled with water and clamped into a vertical position on a ring 
stand. Two 25-watt electric light bulbs (d, and d.) are also clamped into 
position as shown in the diagram. The light bulbs are placed very close to 
the side of the tube and near the lower ends of the cells. When the lights 
are turned on, uneven heating of the water within the two cells results and 
convection currents (c) are set up. These currents constitute the ‘‘pro-_ 
toplasmie streaming’’ and continue indefinitely owing to the maintenance 
of temperature differences on the two sides of the glass tube. 

The nature and rate of the ‘‘streaming movement’’ can be observed by 
adding very small particles of sawdust to the surface of the water in the 
upper cell. These particles should be fine enough to pass through the per- 
forated disk with ease. A porous Gooch crucible has been found to serve 
as a satisfactory sieve for obtaining sawdust particles of the proper size. 
The smaller particles, particularly, remain in suspension for some time and 
trace the course of the streaming ‘‘protoplasm’’ up the illuminated side and 
down the far side of the cells. 

In order to demonstrate the rapid longitudinal transport of solutes, an 
aqueous dye solution may be added to the upper cell and its progress fol- 
lowed as it is first moved about the upper cell and then across the ‘‘sieve 
plate’’ and into the lower cell. Solute movement in the reverse direction 
can be demonstrated by injecting dye into the bottom of the lower cell and 
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Fig. 1. Sieve tube model with details e’ and a’. See text for explanation of symbols. 


watching its upward movement from cell to cell. Finally, the simultaneous 
movement of solutes in opposite directions can be demonstrated in the same 
sieve tube ‘‘element’’ by adding a few drops of a dye solution of one color 
such as methylene blue to the upper cell and, at the same time, injecting a 
second dye solution of a different color, safranin, into the lower cell. 

In figure 1 the inset labelled a’ shows a device which can be used for 
injecting dye solutions into the lower cell. The injector consists of a one- 
hole stopper (a;), a short section of glass tubing (f), a piece of rubber tub- 
ing (g), and a glass plug (h). The device is charged with dye as follows: 
a clamp is applied near the upper end of the rubber tubing, the injector 








BRIEF PAPERS 833 


inverted, and the rubber tubing filled with dye solution after momentarily 
removing the plug. The injector is now placed in an upright position and 
the section of glass tubing filled with water. In actual use, the device is 
inserted in the place of the solid stopper (a2) in the lower cell. Injection 
of dye into this cell is effected by first releasing the clamp on the rubber 
tubing, and then applying other clamps to the tubing in such a way as to 
force the dye solution out of the injector and into the lower cell. 

If it is desired to increase the complexity of the model, an additional cell, 
or cells, may be added. This necessitates the use of a longer tube and more 
‘*sieve plates.’’ Each cell of such a model should be provided with its own 
light bulb in order to insure the necessary ‘‘streaming’’ activity. 
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USE OF NITRIC ACID IN CONTROL OF pH AND NITRATE LEVELS 
IN NUTRIENT SOLUTION 


FRANK M. EATON 


TRELEASE and TRELEASE (2) have called attention to the advantages, from 
the standpoint of pH control, of using mixtures of ammonium and nitrate 
salts in making up nutrient solutions. Sulphuric acid is customarily em- 
ployed as a means of adjusting the pH of solutions during an experiment. 
The purpose of this paper is to call attention to the advantages of using 
nitric acid as a means of maintaining at one and the same time both H-ion 
concentrations and nitrate levels. The writer has used nitrie acid for this 
purpose over a number of years with considerable success. 

















TABLE I 
VARIATIONS IN PH WITH THE ADDITION OF NITRIC ACID 

DATE | PH* a paseo LIGHT INTENSITY t ace 
ml. liters gm. cal./sq. em./day ml, 
Sept. 14 400 82 528 798 
15 sa 109 499 960 
16 6.0 121 525 1090 
17 6.3 50 133 503 908 
18 6.2 50 89 399 832 
19 6.1 70 307 765 
20 6.2 50 82 280 1090 
21 6.1 50 105 397 1108 
22 5.9 93 364 973 
23 6.1 50 67 269 984 

24 5.9 rain 257 

25 5.5 72 430 
26 5.7 33 304 334 
27 6.1 50 43 441 472 
28 5.9 43 435 453 
29 5.9 45 456 502 
30 6.1 50 47 415 506 
Oct. 1 6.1 43 364 437 
2 5.9 54 426 504 
3 5.9 50 413 476 
4 6.1 50 54 466 568 
5 5.7 52 450 563 
6 + 88 30 257 221 








* pH readings and acid additions were made at 8: 00 a.m. and 9: 00 A.M. respectively. 

t Eppley pyrheliometer, University of California, Citrus Experiment Station. 

¢ Circular shallow pan evaporimeter, 0.1 sq. meter. 

The extent to which nitrate levels can be maintained by periodically ad- 
justing the pH to some selected level with nitric acid is contingent upon the 
kind of plant, its stage and condition of growth, and climatie factors (par- 
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ticularly light intensities) and the selected pH. The writer’s work has been 
entirely in the Southwest where bright days and upward trends in pH are 
the rule. All of the cultures have been carried at a pH of about 6.0. 

For the purpose of illustration, an example is taken from 1939 experi- 
ments wherein plants were grown in large out-of-doors sand cultures (1, fig. 
4) in salt toxicity studies. These sand beds were supporting 30-inch rows 
each of milo, cotton, squash (harvested September 18), alfalfa, sugar beets, 
cowpeas, and tomatoes planted in mid July. The volume of the solution 
reservoirs was 2400 liters with an additional 300 liters retained in the sand, 
thus permitting the addition of readily measurable amounts of concentrated 
nitric acid. In this system, 50 ml. of nitric acid (sp. gr. 1.42) introduces 
0.27 m.e. of NO, ion per liter. Using tap water to replace transpiration 
losses, new solutions starting with 7.5 to 8.0 m.e. per liter of NO, ion at pH 6 
typically contain from 7 to 9 m.e. at the time the solutions are discarded. 
Similar effects have been observed in the parallel experiments conducted 
under cool coastal conditions near San Diego, under the desert conditions of 


TABLE II 


ANALYSES OF NEW AND OLD SOLUTIONS AND OF TAP WATER ADDED TO REPLACE 
TRANSPIRATION AND EVAPORATION LOSSES 











| PERIOD SEPTEMBER 15 TO OCTOBER 7 (SEE TABLE I) 














SOLUTIONS : poi i 
ANALYZED | MILLIEQUIVALENTS PER LITER 
| Ca | Mg | Na | K Hco,| so, | a | NO, 
New solution | 4.90 3.80 1.96 1.66 | 0.38 4.28 1.72 | 7.42 
Old solution 5.81 3.60 2.69 0.50 | 0.3 4.71 1.60 7.44 
Tap water ......... | 1.84 0.56 1.60 | | 2.90 0.61 0.60 0.05 





the Coachella Valley, and under the intermediate climatic conditions repre- 
sented at Riverside. The period represented in table I was taken from the 
Riverside data because it illustrates the increased H-ion concentrations of 
the solution during a period of low light intensity during which absorption 
of cations exceeded that of anions. Additions of phosphate and potassium 
are necessary during any extended use of a solution. Table 2 reports analy- 
ses of the new and used solution and of the tap water used in making up and 
replenishing solutions. Five m.e. of nitrate were added as calcium and 
potassium salts in making up this solution and then sufficient HNO, was 
added to bring the pH down to 6.0. Results comparable with the fore- 
going have been obtained in the beds receiving toxic concentrations of 
chloride and sulphate salts and also in small greenhouse sand cultures sup- 
porting single species of plants. 


BUREAU OF PLANT INDUSTRY 
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NOTES 


Eighteenth Annual Meeting.—The eighteenth annual meeting of the 
American Society of Plant Physiologists will be held at Dallas, Texas, on 
December 29-31, 1941. The headquarters of the Society will be the Baker 
Hotel. Plans for the meeting are well advanced, and it is hoped that the at- 
tendance will be large. The annual dinner for all plant physiologists has 
been arranged for the evening of December 29, probably at the Baker Hotel, 
and members should obtain tickets as soon as possible after arrival. The 
STEPHEN HALEs address is usually a feature of this gathering, and the 
announcement of the CHARLES Rem Barnes life membership award has 
been an annual occurrence at the dinner for 15 years. No one should miss 
these good-fellowship occasions. Two symposia are planned, one on cellular 
electro-dynamies, and the other, a joint meeting, on the application of sta- 
tistical methods to physiological research. These are pleasing changes in 
subject matter, and the symposia will be extremely valuable to all who can 
attend them. Dallas has many attractions to offer the visitor, and meetings 
seldom go into this region. This is an opportunity to learn something about 
the great Texas empire, and to enjoy rare scientific fellowship. 


Summer Meeting.—The New England Section of the American Society 
of Plant Physiologists was host to the Society at Durham, New Hampshire, 
on June 25 and 26, 1941. Usually the Section meets in May, but this year 
joined with the Society in participation in the 75th anniversary celebration 
of the founding of the University of New Hampshire. The A.A.A.S. held 
its annual summer meeting at Durham, and our meeting was a part of this 
general program. The officers of the New England Section did everything 
that could be done to make the meeting pleasant and profitable. Dr. T. G. 
PHILuips, chairman of the section and chairman of the local committee, and 
Dr. Linus H. Jongs, secretary of the section, deserve the thanks of everyone 
who attended for their skillful handling of the meeting. 

** Auxins and their relation to growth in plants’’ was the subject of the 
round table discussion on the afternoon of June 25. Dr. FoLKE Skoog 
opened with a discussion of the relation between extractable auxin and 
growth; Dr. SANDER covered the field of dwarfing as related to auxin; and 
Dr. THIMANN reviewed the mechanism of auxin action. Dr. G. 8. Avery, 
Dr. R. H. Goopwin, and Dr. B. ComMoNER contributed informal comments, 
and there was much general discussion of the many difficult angles. The 
presentations were excellent, but left one unsatisfied, possibly because of the 
more or less chaotic condition of the field. If the editor may be permitted 
an observation as an interested listener, it would be that it seems yet too 
early for an integration of the work that has been done. It will possibly 
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take some years of more careful research before we can judge the value of 
the innumerable contributions of recent years, many of which came out 
prematurely. 

Thursday, June 26, was devoted to short papers during the morning ses- 
sion, and to a joint session with the American Society for Horticultural 
Science at the afternoon session. Many interesting papers were submitted 
for discussion. 

The New England Section business meeting was held at 9:00 a.m. on 
June 26, and it was a pleasure to note the fine spirit and the apparent vital- 
ity of the organization. The officers selected for 1941—1942 are as follows: 
Chairman, Dr. Dororuy Day, Smith College; vice chairman, Dr. KENNETH 
V. THImMann, Harvard University ; secretary-treasurer, Dr. Linus H. Jongs, 
Massachusetts State College. In 1942 the annual meeting will be held in 
May, as usual. 


Western Section.—The Pasadena meetings of the Western Section, held 
from June 17th to 21st, were very well attended (attendance ranging from 
60 to 200). Three symposia were held jointly with the Botanical Society of 
America, the American Phytopathological Society, the Western Society of 
Soil Science and the American Society for Horticultural Science. D. R. 
HOAGLAND presided at the symposium on micronutrient deficiency diseases 
of crops. The characteristics of zine deficiency were discussed by W. H. 
CHANDLER, who stressed the point that zine deficiency causes more trouble 
in good soils than in poor soils and that woody plants are more susceptible 
than herbaceous plants. E. A. OvERHOLSER reviewed boron deficiency which 
occurs in the Northwest. Boron added to soils is not very effective because 
it is adsorbed in the upper layers. Deficiency diseases of vegetables in the 
east were reviewed by J. E. Knorr, who showed that many organic soils im- 
prove greatly when copper, manganese, and iron are added. J. P. BENNETT 
stressed the importance of the availability of iron. Inorganic iron is avail- 
able only in acid media; organic iron is rapidly destroyed by micro-organ- 
isms. Colloidal iron (humate) is available to the plant over a pH range 
from 3 to 9, probably due to contact absorption. Finally, W. T. McGrorce 
discussed some aspects of the chemistry of soil, stressing especially ‘‘acidu- 
lated fertilizers. ’’ 

A symposium on plant hormones under chairmanship of F. W. Went 
was given. The chairman discussed the chemical specificity of the auxins 
pointing out the minimum structural requirements for a chemical to cause 
cell elongation. J. P. BENNETT showed evidence of the presence of a sub- 
stance in the buds and bark of trees and other plant material which breaks 
dormancy of apple and peach trees. JAMES BoNNER pointed out that the 
popular notion that vitamin B, will promote the growth of horticultural 
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plants is no longer tenable. J. vAN OveRBEEK discussed dwarfism in corn, 
which is due to excessive auxin destruction. He furthermore showed that, 
by injecting naphthaleneacetic acid into ovaries of Datura, a fruit develops 
with well developed ‘‘seeds’’ which contain an as yet non-viable psendo- 
embryo. 

A symposium on protoplasm was given, headed by O. L. SponsLeR who 
discussed the relative size of the various constituents of protoplasm. A. R. 
Moore discussed such aspects as the emulsion theory of structure and sur- 
face tension, and minimized its importance. A. L. Conen, however, attached 
greater importance to surface tension as a cause of movement and also as a 
responsible agent in its determination. A very instructive motion picture 
showing division of chromosomes, nuclei, and of cells growing in vitro con- 
cluded the symposium. 

Twenty-eight miscellaneous submitted papers were presented. The 
functioning of completely air-conditioned greenhouses at the California 
Institute of Technology was discussed by F. W. WENT, who also presented 
another paper showing how a constant temperature of 26.5° C. gives good 
vegetative development but prevents fruit setting in tomatoes; for the latter, 
cooler nights are essential. F. T. Appicorr showed that reduced meriste- 
matie activity is the main characteristic of isolated tomato roots growing in 
media lacking vitamin B,. H. E. Haywarp discussed the occurrence of a 
highly suberized layer in the root cap of orange seedlings going into dor- 
manecy due to high chloride concentrations. M. A. JostyNn discussed the 
formation of succinic acid by yeast cells. P. W. Rourpaven measured bio- 
logically the amount of ethylene in motor exhaust gases. G. H. Harris 
stressed the importance of sulphur for the growth of raspberries. A highly 
instructive demonstration was given by W. Z. Hassip, who showed that glu- 
cose phosphate (Cori ester) is immediately converted into synthetie starch 
when phosphorylase prepared from potato juice was added. A. Goetz dis- 
cussed the extreme susceptibility of yeast cells to silver ions. D. R. Hoac- 
LAND and T. C. Broyer discussed experiments showing the importance of 
respiration for accumulation and permeability of roots. Permeability to 
bromine was decreased if nitrogen instead of air was bubbled through the 
solution around the roots. Cyanide prevents accumulation. Guttation 
liquid of barley plants is about half as concentrated as xylem exudate of 
decapitated plants. Plants having their roots in distilled water do not 
guttate. J. VAN OVERBEEK showed evidence of water uptake by forces other 
than osmosis by comparing the osmotic pressure of the exudate with the 
osmotic pressure of mannitol solutions which just prevented bleeding. R. 
EMERSON showed that the phycocyanin pigment of blue-green algae is effec- 
tive in photosynthesis. It may, however, only absorb energy and then trans- 
fer it to chlorophyll a. P. J. ALLEN demonstrated a 700 per cent. increase 
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in respiration of wheat leaves as a result of infection with powdery mildew. 
D. M. Bonner discussed 4 groups of chemicals (amino acids, purines, or- 
ganic acids, and inorganic salts), which promote growth of isolated sections 
of leaf tissue. Adenine is effective in the lowest concentration and may be 
regarded as a leaf growth hormone. JAMES BONNER showed that vitamin 
B, is translocated in the phloem in a similar manner to other plastic mate- 
rials. It accumulates above a girdle, in contrast to vitamin B, which ap- 
parently did not show this effect. D. I. Arnon showed that plants at pH 3 
do not grow because they are unable to absorb nutrients. At pH 9 all ele- 
ments are taken up although at a reduced rate, with the exception of phos- 
phorus, thus explaining why plants grown at high pH show symptoms of 
phosphorus deficiency. The pH of expressed sap remained constant through- 
out the pH range. G. F. Lersie showed that the presence of small amounts 
of aluminum increases the tolerance for copper. W. W. ALpricH reported a 
starch content of 55 per cent. in trunks of date trees prior to fruiting which 
rapidly decreases when the fruit ripens. The impossibility of maintaining 
soil moistures below field capacity was stressed by A. H. Henprickson. S. 
H. CAMERON showed that heavily pruned trees regenerated less top growth 
and have a smaller yield than lightly pruned trees. The yield of lightly 
pruned trees was below that of check trees. Two papers on carotenes were 
presented ; one by O. F. Curtis, who showed that the carotene content de- 
creases in mineral deficient plants with the exception of plants low in phos- 
phorus. A. L. LERosen showed that in tomato fruits the development of 
red and yellow carotenoid pigments depends on the presence of a gene R. 
The skin contains less of these pigments than the flesh. A. S. Crarts dis- 
cussed a paper by R. N. Raynor on selective toxicity of certain phenol com- 
pounds on different plants. The effect depends on the relative permeability 
of the cuticle to fat and water soluble substances. W. O. WituiaAms demon- 
strated.improvement in the colorimetric determinations of potassium with 
dipicrylamine. 

Exeursions were held to the laboratories at Riverside and to the Santa 
Ana Botanie Gardens. Officers elected for the coming year: Chairman, J. 
VAN OVERBEEK ; vice chairman, E. J. BARTHOLOMEW; secretary, D. I. ARNON. 


Barnes Committee.—President Epwin C. MiLuer of the American Soei- 
ety of Plant Physiologists has named the following committee to choose the 
recipient of the eighteenth CHarLes Rem Barnes life membership award: 

Dr. Pavt WEATHERWAX, Indiana University; 
Dr. Epiru Rosperts, Vassar College ; 

Dr. W. M. Atwoop, Oregon State College; 

Dr. Pavut R. Burkwowper, Yale University; 

Dr. W. E. Loomis, lowa State College, chairman. 
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This award, established in 1925, has been made annually since 1926. The 
committee has an unusual opportunity and privilege in making the selec- 
tion. There are 14 living members at the present time who have been 
honored in this manner. 


Changes in Constitution.—Al! of the changes in the Constitution of 
A.S.P.P. voted upon in the last election were adopted. The new version of 
this instrument was published in Bulletin no. 13, and is in the hands of all 
members. On rereading and mature deliberation, the editor believes that 
one of these changes represents a serious backward step. He will be glad to 
explain the serious difficulty which may arise if article VIII, section 2 is 
permitted to remain in its present form. ‘The American Society of Plant 
Physiologists has rightly prided itself on its rather rigidly democratic nomi- 
nations and elections, which could not be manipulated by small groups act- 
ing in coneert. The present version has lessened the rigorous restraints, and 
we have had a clear demonstration already of the great value of one feature 
of the original provisions, under which the elections of 1941 were held. We 
trust that many members will interest themselves in this matter, and that 
section 2 of article VIII may again receive keen attention from the member- 
ship in general. No society is any better than its nomination and election 
machinery, and we cannot afford anything but the best. 


Dedication.—It is a pleasure to carry out the expressed wishes of the 
American Society of Plant Physiologists to dedicate this number of PLANT 
PuysioLogy to Dr. ALEXANDER Pierce ANDERSON, and to present the fine 
portrait of him as the frontispiece of the October number. Dr. ANDERSON 
will be seventy-nine years old on November 22, and on behalf of all members 
of the Society, we extend to him and his family, sincere congratulations on 
that happy occasion, and our good wishes for the coming years. 


Conservation of Space.—In view of the uncertain conditions abroad, and 
the already heavy inroads that war has made on our foreign memberships 
and subscriptions, it is necessary to exercise the utmost caution in use of the 
Society ’s funds. Every time the number of offices increases, every time we 
undertake any new projects, heavier expenses are entailed before any pub- 
lishing can be done. We urge all writers to condense their papers, to use cuts 
sparsely, and as few tables as possible. Papers should be short, clear, and 
deal mainly with new information. Long introductions, literature reviews, 
and elaborate details of methods already described in other papers should 
be sheared as much as possible. Please conserve space and expense in prep- 
aration of papers intended for PLANT PuysioLocy. The cooperation of all 
authors is solicited. 
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Errata.—aAs in previous volumes, an errata list follows the table of con- 
tents of volume 16. Thanks are extended to the authors who have aided in 
making these corrections. Some of them could be avoided if authors would 
use more care in proofreading their galleys, especially the tables, where 
errors are hard to detect in editorial proofreading. Enter the corrections 
in your copies; it is a good habit. 


MRE ees 
Necrology.—Death has recently removed from among us two well known 
members of the American Society of Plant Physiologists. In accordance 
with our usual custom, brief notices are presented. 


WinuiAM FRANCIS GANONG 


Dr. Wimu1AM FRANcIs GANONG died at St. John, New Brunswick on Sep- 
tember 7, 1941, after a long illness. He is survived by his widow, and two 
children. A very brief account of his life appeared in the January, 1941 
issue of PLANT PuysIoLoey, in connection with the award to him of the 
CHARLES Rem Barnes life membership at the Philadelphia meeting. A 
more complete biography has just appeared in Science for October 3, 1941, 
prepared by his associates, Dr. Frances Grace Samir, and Dr. Heen A. 
CuoaTe, of Smith College. Dr. GANona’s influence will live long in the 
annals of plant physiology, to which he had devoted a lifetime of interest. 
Everyone who knew him and his work will learn of his death with profound 
regret. 

WALTER JosepH HIMMEL 


In the death of WALTER JoserpH HimMe , of the University of Nebraska, 
the Society has lost one of its early members, as his membership dated from 
the establishment of an official journal. At that time he was associate pro- 
fessor of biology at Macalester College, St. Paul, Minnesota. Since 1927 he 
has been with the Department of Botany at Nebraska, and several of his 
papers have been published in PLant PuysioLocy. His scientific interests 
were broad and varied, and he held memberships in societies devoted to 
ecology, genetics, general botany, and ornithology. One of his hobbies was 
music, and he was an accomplished director, and player of the trumpet. 
His higher degrees were obtained at lowa, M.S., 1922; and Ph.D., 1924. 

He was born at Radcliffe, Iowa, on April 20, 1889, and died on July 23, 
1941, while visiting at Iowa Falls, lowa. He is survived by Mrs. Himmen 
and their son, to whom we express our keen sympathy. 


Annual Review of Biochemistry.—The tenth volume of the Annual 
Review of Biochemistry was recived in June, too late to be noticed in the 
July number of PLant Puysitotocy. There are 24 reviews, and in spite of 
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the difficulties imposed by world conditions which prevents receipt of jour- 
nals and reprints from abroad, they give a clear picture of the advances 
made in the fields covered. The reviews included in this number are as fol- 
lows: Biological oxidations and reductions, by E. S. Guzman Barron; pro- 
teolytic enzymes, by M. BeraMann and J. S. Fruron; nonproteolytie en- 
zymes, by H. Tauser; chemistry of the carbohydrates and glycosides, by 
A. G. NorMAN; chemistry of amino acids and proteins, by M. S. Dunn; the 
chemistry and metabolism of the compounds of sulphur, by A. Wurrte; ear- 
bohydrate metabolism, by C. F. Cort and G. T. Cori; fat metabolism, by 
H. Eckste1n; the metabolism of proteins and amino acids, by R. ScHoEN- 
HEIMER and 8. Ratner; the biochemistry of the nucleic acids, purines, and 
pyrimidines, by F. W. ALLEN; the biochemistry of creatine and creatinine, 
by H. H. Bearp; detoxication mechanisms, by J. A. Stexo.; hormones, by 
E. C. KENDALL; the water-soluble vitamins, by H. A. Martin; nutrition, 
by H. K. Stiesuine and R. M. Leverton; relation of soil and plant defi- 
ciencies and of toxic constituents in soils to animal nutrition, by L. A. May- 
NARD; mineral nutrition of plants, by A. L. Sommer; plant growth sub- 
stances, by W. J. Roppins and V. KavaNnaGH; spectrometric studies in rela- 
tion to biology, by T. R. Hoaness and V. R. Porrer; review of biolumines- 
cence, by E. N. Harvey; the chemistry and metabolism of bacteria, by H. A. 
BarKER ; biochemical nitrogen fixation, by D. Burk and R. H. Burris; and 
properties of protein monolayers, by E. Gorter. 

A short biography of Cart Lucas Auspera, formerly a member of the 
editorial committee of this annual, whose death occurred late in 1940, pre- 
cedes the reviews. The names appearing on the editorial committee for the 
first time, are H. J. ALmquist and H. A. Spoenr. 

The service being rendered to chemical biology by the Annual Review 
of Biochemistry is of incaleulable value. Every student and research man 
in this field should have access to the complete file, and make use of it as a 
guide to the trends and significance of biochemical! progress. 

The work is obtainable from Annual Reviews, Inc., Stanford University, 
at $5.00 per copy. 
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A BRIEF HISTORY 
OF THE 


AMERICAN SOCIETY OF PLANT PHYSIOLOGISTS 
CHAS. A. SHULL 


The American Society of Plant Physiologists was organized in 1924. During the 
years immediately preceding the organization, a spirit of unrest had grown up because 
there was no direct and adequate way in which plant physiologists could contribute to 
the welfare of their own science. Organization of a separate society had been proposed 
at the Chicago meeting of the A.A.A.S. in 1920, but the plan was rejected at that time, 
mainly by the votes of non-physiologists. The idea smoldered until the autumn of 1923, 
at which time concrete steps were taken toward a permanent organization. Other fields 
of botany had organized, and had prospered greatly as a result of organized support. The 
younger plant physiologists felt that the same benefits would accrue to plant physiology, 
were it organized in its own interests. Moreover, it was felt that botany as a whole had 
benefitted from the organized activities of other groups, and that it would be invigorated 
by the development of a strong physiological group. 

The preliminary steps toward organization were taken by Dr. R. B. Harvey, of 
the University of Minnesota, who, in the late autumn of 1923, canvassed the opinion of 
physiologists and found a considerable majority of those consulted favorably disposed, and 
who later prepared a constitution and by-laws which were circulated and approved by the 
group. Organization was not completed, however, until the middle of 1924, when officers 
were elected and took up their duties. In this election, Dr. Charles A. Shull, of the Uni- 
versity of Chicago, was chosen as the first president; Dr. R. P. Hibbard, Michigan State 
College, vice-president; and Dr. R. B. Harvey, Secretary-treasurer. 


The first bulletins of the Society were published before the officers were elected. In 
May, 1924, the constitution and by-laws, with a list of members, were published as Bulletin 
No. 1. It listed 76 members. Late in May, Bulletin No. 2, the first edition of the Interna- 
tional Address List, was issued. 


The officers took up their duties shortly after July 1, 1924, the beginning of the fis- 
cal year. They guided the Society through its first troubled year of existence, and pre- 
sided at the first annual meeting, which was held at Washington, D. C. in December, 
1924. About three months before this meeting was held, the Society had become affiliated _ 
with the A.A.A.S., and received representation upon the council of that organization. The 
events at Washington greatly strengthened the determination to succeed, and had much 
to do with determining the future course of the Society. 


During 1925, under the presidency of R. P. Hibbard, great strides were made. The 
publication of a journal was decided upon, and an editorial committee selected. Dr. C. 
A. Shull was appointed editor-in-chief of the proposed journal, and associated with him 
were Dr. B. E. Livingston of Johns Hopkins University; Dr Francis E. Lloyd of McGill; 
Dr. C. B. Lipman of the University of California; and Dr. Carleton R. Ball of the U.S. 
Department of Agriculture. The Kansas City meeting, attended by a large, enthusias- 
tic membership, ratified the arrangements for publishing Plant Physiology as the official 
journal. An agreement was made with The Science Press Printing Co. to publish the 
new journal, and Volume 1 number 1 was issued in the spring of 1926. 


Another important feature of the Kansas City meeting was the establishment of an 
annual life membership award in honor of Dr. Charles Reid Barnes, first professor of 
plant physiology at the University of Chicago, who lost his life in a tragic accident in 
February, 1910. The first award under this plan was made at the Philadelphia meeting 
in 1926, to Dr. Burton E. Livingston of Johns Hopkins University in recognition of his 
life-long service to plant physiology. He had been the first assistant to Dr. Barnes in 
the laboratories at Chicago, and a leading figure in this science for many years. 


During the year 1926, the first year of publication of Plant Physiology, growth of 
the Society was very rapid. Dr. F. E. Lloyd was elected third president, and at the close 
of his administration there were nearly 250 members, and rapidly growing support 
through library subscriptions. 


__ In 1927, Dr. Shull was elected president for a second term, which the constitution 
did not forbid at the time; an omission which was immediately rectified. As the year 
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1927 was the 250th anniversary of the birth of Stephen Hales, and the 200th anniversary 
of the publication of Hales’ important book, Vegetable Staticks, President Shull planned 
to celebrate the anniversary at Nashville. A campaign was undertaken to raise funds 
to establish a memorial to Hales. It took the form of an endowment to support the award 
of a prize, named in honor of Stephen Hales. This program met with immediate and gen- 
erous response. Before the meeting time arrived, over $1000 had been contributed with 
80 participating in the gifts. The announcement of the prize establishment was made 
at Nashville, and a new constitution and by-laws were ordered drawn up to include the 
administration of the Charles Reid Barnes awards and the Stephens Hales awards. 


It had been the intention to make the first award of the Hales prize at New York 
in 1928, but the machinery was new, and final decision was postponed until the Des Moines 
meeting in 1929. At that meeting the award was made to Dr. D. R. Hoagland, of the 
University of California, for his excellent work in the field of plant nutrition. A second 
award was made at the Cleveland meeting a year later, to Dr. W. W. Garner for his 
work in photoperiodism and at two year intervals since, to Drs. Vickery, C. A. Shull, 
Thimann, Shive, and White for contributions in their respective fields. 


At the Cleveland meeting in 1930, the Society began to set up more permanent ar- 
rangements for the Charles Reid Barnes awards, which had been made annually since 
1926. A considerable fund was set aside as endowment for these awards, which finally 
reached the sum of $3000 during the presidency of Burton E. Livingston in 1934. It was 
also during the year 1930 that the general endowment was started. The announcement 
that $110 had been given for the start of a general endowment was made at the Cleve- 
land meeting. 


During 1931, a committee composed of Dr. Walter Thomas, chairman, Dr. B. E. 
Livingston, and Dr. J. B. Overton, had studied the desirability of incorporation of the 
Society. They made a report at the New Orleans meeting in 1931, advising incorpora- 
tion under the laws of Wisconsin or of the District of Columbia. The Society voted to in- 
corporate under the laws of the District of Columbia, and on July 5, 1935, a meeting was 
beld in Washington, D. C., at which the old American Society of Plant Physiologist was 
dissolved, and a new one established. The incorporators included six individuals, Dr. 
F. P. Cullinan, chairman, and Dr. Annie M. Hurd-Karrer, Dr. Charles F. Swingle, Dr. 
B. C. Brunstetter, and Dr. J. W. Roberts. After electing all members of the old Society 
as members of the new one, the incorporators adjourned. Thus was born the present 
American Society of Plant Physiologists. 


At the New Orleans meeting, also, the year 1932 was designated a year of celebra- 
tion of the birth of Julius von Sachs in 1832, and the seventh volume of Plant Physiology 
was dedicated to his memory. 


From the very start of its existence, the Society has encouraged sectional organiza- 
tions similar to those of the American Chemical Society. The group of members at Pur- 
due University organized a section in 1926, and were soon followed by the group at the 
University of Minnesota, who also applied for a charter in 1926. These two local sections 
have continued their meetings for 15 years. At the annual meeting of 1933, the consti- 
tution was modified to permit regional organization of sections, which would be advan- 
tageous to those living far from the midwinter meeting places of the parent Society. The 
first regional organization was authorized for the New England States where members 
petitioned the Boston meeting for a charter. It was granted, and the New England Sec- 
tion began holding annual meetings in May, 1934. The following year, 1935, the West- 
ern Section was given a charter, and in 1939, the Southeastern, now Southern Section, was 
authorized to organize. There are thus five functioning sections, two local, and three re- 
gional. 


At Atlantic City in 1936, the first patrons of the Society were elected. During the 
five years since then, the total number of patrons has increased to seven, one of whom has 
died. The year 1937 saw the adoption of an official seal at the request of the revenue of- 
ficers of the federal government, and that year also marked the final completion of all 
arrangements for the growth of the endowment funds, which have been gradually in- 
creasing in value and significance. 


During each of the 15 years passed, strength has accumulated. The Society has been 
blessed by a long line of efficient officers, who have lived true to their trust; the secretary 
treasurers particularly represent an honor roll of men who have placed the welfare of 
the Society above all personal considerations. All have given sacrificiai service, and no 
one can overestimate their contribution to the growth and development of a strong Amer- 
ican Society of Plant Physiologists. Eight men have held this responsible office: Harvey, 
Gardner, Eaton, Kraybill, Murneek, Loehwing, Cullinan, and Loomis. The Society has 
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been very fortunate to possess leaders of loyalty and integrity, who took pride and satis- 
faction in the performance of their duties. And so may it ever be as the years lead on to 
greater and more significant goals. 


PLANT PHYSIOLOGY 


The official journal of the American Society of Plant Physiologists is an interna- 
tional journal devoted to the publication of original research and to the development of 
fundamental and applied plant physiology. The Journal and Dr. Charles A. Shull, who 
has been Editor-in-chief since its initiation in 1925, have contributed immeasurably to the 
science of plant physiology, which is now coming to be recognized as the basic science of 
all crop production and plant behavior problems. 


Much of the growth and success of the Society also may be attributed to the Jour- 
nal. It has served as the common meeting ground of plant physiologists throughout the 
world, and has grown with the Society from 426 pages in Volume 1, published in 1926, 
to an average of 827 pages in the last 10 volumes. Copies of Plant Physiology go to each 
of the United States, and to 43 foreign countries and territories. Even under war con- 
ditions the foreign library list is 50 per cent greater than that for the United States and 
its possessions. In round numbers Volume 16 (1941) will go to 600 members, 300 foreign 
and 200 U.S. subscribers. 

The Journal is now firmly established as the world’s leading periodical in its field, 
and we may look forward to its continued growth in volume and value as times return 
to normal. 





PAST OFFICERS 
OF THE 


AMERICAN SOCIETY OF PLANT PHYSIOLOGISTS 


President Vice-President Secretary-Treasurer 
1924-25 C. A. Shull R. P. Hibbard R. B. Harvey 
1925-26 R. P. Hibbard B. E. Livingston W. A. Gardner 
1926-27 F. E. Lloyd W. A. Gardner S. V. Eaton 
1927-28 C. A. Shull W. E. Tottingham S. V. Eaton 
1928-29 E. J. Kraus S. V. Eaton H. R. Kraybill 
1929-30 S. V. Eaton A. E. Murneek H. R. Kraybill 
1930-31 H. R. Kraybill W. E. Tottingham W. A. Gardner 
1931-32 W. E. Tottingham R. B. Harvey W. A. Gardner 
1932-33 D. R. Hoagland C. O. Appleman W. A. Gardner 
1933-34 C. O. Appleman H. R. Kraybill A. E. Murneek 
1934-35 B. E. Livingston J. P. Bennett A. E. Murneek 
1935-36 A. E. Murneek D. R. Hoagland W. F. Loehwing 
1936-37 R. B. Harvey O. F. Curtis W. F. Loehwing 
1937-38 O. F. Curtis W. F. Loehwing F. P. Cullinan 
1938-39 W. F. Loehwing G. W. Scarth F. P. Cullinan 
1939-40 J. Shive F. P. Cullinan W. E. Loomis 
1940-41 F. P. Cullinan B. S. Meyer W. E. Loomis 














CONSTITUTION AND BY-LAWS 
OF THE 


AMERICAN SOCIETY OF PLANT PHYSIOLOGISTS 





Article |: Name 
The name of this organization shall be the American Society of Plant Physiologists. 
Article ll: Purposes 


The purposes of this organization are to encourage and promote the growth and de- 
velopment of plant physiology as a pure and applied phase of botanical science, to pub- 
lish the results of meritorious research in plant physiology, and to promote the general wel- 
fare and good fellowship of plant physiologists. It shall remain a scientific organization, 
without the object of financial gain. 


Article Ill: Membership 


1. The Society shall consist of members, life members, patrons, and corresponding 
members. 


2. Membership is open to plant physiologists of all nations, and to all persons in 
sympathy with the purposes of this organization. 


3. Each member residing in the United States or its possessions shall pay annual 
dues of $5.00; those residing in Canada shall pay annual dues of $5.25, and members re- 
siding in other nations shall pay annua! dues of $5.50. Dues are payable during the last 
quarter of the calendar year, in advance of the journal year. Members whose dues are 
not in arrears are entitled to receive the official journal and other publications of the So- 
ciety. 

4. Any person may become a life member whenever he has contributed one hundred 
dollars in excess of his annual dues for that specifiic purpose; and any person may become 
a patron when he has contributed two hundred dollars for the permanent support of the 
Society. A paid life member may become a patron by contributing one hundred dollars for 
the permanent support of the society. Life members and patrons are entitled to receive 
the official journal throughout life. 

5. Plan physiologists of foreign countries, whether already enrolled in the Society 
or not, may become corresponding members upon election by the Society, but no such elec- 
tion shall occur at any time when the total number of corresponding members shall ex- 
ceed two per cent of the current paid-up enrollment of the Society. Corresponding mem- 
bers shall not be billed for annual dues unless they hold annual membership in addition 
to corresponding membership. They shal! be entitled to receive the Bulletin throughout 
life, but not the Journal unless they are also annual or life members. 


6. Only members, life members and patrons shall! be entitled to vote. 


Article IV: Local, State and Regional Sections 


1. Local, state and regional sections of this organization may be formed upon the 
petition of 10 members resident in the locality, state or region, provided that such state 
or regional organization is approved by a majority of the members voting on the petition. 

2. Such sections shall have local autonomy in regard to their manner of organiza- 
tion, the holding of meetings and other activities, providing that none of the local regu- 
lations violate the provisions of this constitution. 

3. Any section which fails to maintain at least 10 active members is automatically 
discontinued. 


Article V: Annual and Other Meetings 


1. There shall be an annual meeting of the Society, preferably at the time and place 
of the annual meeting of the American Association for the Advancement of Science or at 
such other time and place as may be determined by the Executive Committee of the So- 
ciety. 

2. Other meetings may be held at such times and places as may be determined by 
the Executive Committee. 
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Article Vi: Officers 


1. The officers of the Society shall be a president, vice-president, secretary-treas- 
urer and business manager of Plant Physiology. The duties of the first three shall be 
those usually performed by such officers. The business manager shall handle all non-edi- 
torial business of the official Journal, Plant Physiology, and all non-member subscriptions. 
He shall transmit to the treasurer all funds collected and shall certify to him all bills pay- 
able on account of the journal. 


2. The president and vice-president shall serve for one year and shall not be eli- 
gible to hold the same office a second time. The secretary-treasurer shall be elected for 
a term of two years and shall be eligible for reelection. The business manager shall be 
appointed by the Executive Committee for a term of three years and shall be eligible for 
reappointment. The secretary-treasurer, business manager and other officers entrusted 
with the funds of the Society shall give bonds in such sum and form as the Executive 
Committee shall deem necessary, the expense of maintaining such bonds being borne by 
the Society. 

Article Vil: Endowment Funds 


1. There shall be three endowment funds, the principals of which shall be kept pro- 
ductively invested, only the incomes therefrom being available. These endowments are: 
(a) the Stephen Hales Prize Endowment, (b) the Charles Reid Barnes Endowment, (c) 
the Life-Membership and General Endowment. Additional endowment funds for speci- 
fied purposes, may be established at any time by the Executive Committee, subject to the 
provisions of the Constitution and the By-Laws of the Society. Bequests and gifts of 
funds or securities accepted by the Executive Committee shall be administered in accord- 
ance with the wishes of their donors. Gifts may be received for available funds as well 
as for endowment funds. 


2. Income from the Stephen Hales Endowment shall be used for occasional awards 
of the Stephen Hales Prize of the American Society of Plant Physiologists, or for trans- 
fer to the principal of the General Endowment. Each award of the Prize, which is 
named for Stephen Hales (1677-1761), early leader in experimentation on plant processes, 
is to be made to some North American who has made noteworthy contribution to the sci- 
ence of plant physiology. 

3. Income from the Charles Reid Barnes Endowment shall be used to create hon- 
orary life memberships in this Society, or for transfer to the principal of the General 
Endowment. These honorary life memberships are to be known as Charles Reid Barnes 
Life Memberships, named in honor of the memory of Charles Reid Barnes (1858-1910), 
a recognized leader in the development of plant physiology in America, who was the first 
professor of this science at the University of Chicago. 


4. The Life-Membership and General Endowment shal! contain the fees of all liv- 
ing Barnes life members and those of all other life members and patrons and ali perma- 
nent or trust funds not specifically allocated to some other endowment. Its income shall 
be available for the current projects of the society. 


Article VII: Election of Officers 


1. In February of each year a call for nominations shall be sent to each person 
who has the right to vote in the Society, and each of these shall have the privilege of sub- 
mitting to the secreary-treasurer one nomination for each office to be filled. Such nomi- 
nations must be received within two months after the call. 


2. The secreary-treasurer shall place upon the ballot the four names for each of- 
fice which received the highest number of nominations for the office. In case of a tie in 
the nominations, the secretary-treasurer shall determine by lot which name shall be 
placed upon the ballot. If an individual is named for more than one office, the name shal! 
appear on the ballot for the office for which he received the most nominations, or, in case 
of an equal number, for the highest office. No name shall appear on the ballot more than 
once, and no person may be declared nominated for an office in which he holds an unex- 
piring term, either elective or appointive. 

3. The ballots shall be sent out in May of each year and the election shall be ter- 
minated in June. The balloting shall be conducted by mail, and the ballots shall be 
opened and canvassed at the close of the election by the secretary-treasurer and two 
other members of the Society appointed by the president. The nominee for each office 
who receives the largest number of votes shall be elected. 

4. If two persons shall receive an equal number of votes for any office, the election 
of one shall be decided by vote of the Executive Committee 
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5. The results of the election shall be announced to the elected officers promptly by 
the secretary-treasurer. 

6. In case of death or disability of any officer, the vacancy shall be filled ad interim 
by the Executive Committee. 


Article IX: Standing Committees 


1. There shall be four standing committees, an executive committee, a program 
committee, a finance committee, and an editorial board for the official journal of the So- 
ciety. 

2. The executive committee shall consist of three elected members (one elected by 
the Society each year, for a term of three years) and the following ex-officio members: 
the president (who shall be chairman of this committee), the retiring president, the vice- 
president, the secretary-treasurer, the editor of the official journal and one representative 
named by each section of the Society. 

3. The program committee. shall consist of three members appointed by the presi- 
dent at the annual meeting of the Society, and the secretary-treasurer, who shall be ex- 
officio a member of the program committee. 

4. The finance committee shal! consist of three members appointed by the president, 
one each year, for a term of three years. 

5. The editorial board shall consist of eight members, five appointed by the Ex- 
ecutive Committee, one each year for a period of five years, and three elected by the 
Society, one each year for a period of three years. The editor of the official journal shall 
be chairman of the editorial board. 


Article X: Auditing of Accounts 


The accounts of the secretary-treasurer shall be audited at the close of each fiscal 
year by a qualified auditor. The auditor’s report shall be presented to the Society at 
each annual meeting of the Society, and the secretary-treasurer shall make a supplemen- 
tary report showing the status of the treasury at the time of the annual meeting. 


Article Xl: Amendments 


Proposed amendments to the constitution must be submitted in writing to the sec- 
retary-treasurer not less than two months before the annual election. Such proposals, 
before they can be voted upon must be reviewed as to their desirability by the Executive 
Committee, and must receive the unanimous approval of that committee. Proposals of 
amendments having received unanimous approval of the Executive Committee, shall be 
placed upon the ballot and sent to all members in good standing at the time of the an- 
nual election. A two-thirds majority of those voting shall be required to pass any pro- 
posed amendment. 


BY-LAWS 
Section 1. Duties of Officers 


a. It shall be the duty of the president to preside at the annual meetings, to ap- 
point all committees ordered by the Society unless named by the Society itself, and to 
give leadership to the Society in developing its various activities. 

b. The vice-president shall assume the duties of the president in the absence or 
disability of the latter, or, at the request of the president, shall preside at some of the 
sessions of the annual meetings. 

c. The secretary-treasurer shall transact the general business of the Society, pay 
all bills, conduct all elections, and shall in all legitimate ways encourage the growth of 
the Society. 

d. The business manager shall be responsible for all non-editorial business of 
Plant Physiology, for non-member subscriptions and sales of back numbers of the Jour- 
nal, and shall perform such other duties as the Executive Committee may prescribe. He 
shall transmit promptly to the treasurer all funds collected for the Society and shall cer- 
tify all bills to be paid on account of the Journal. 


Section 2. Duties of Committees 


a. The executive committee shall have power to consider and act upon all mat- 
ters not reserved to the Society as a whole. 
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b. The program committee shall arrange all programs of the Society. 


c. The finance committee shall act in an advisory capacity to the secretary-treas- 
urer with reference to the investment of the productive funds of the Society. The com- 
mittee shall also seek ways and means of increasing the productive funds for permanent 
support of the Society’s work. 


Section 3. Expenses 


All expenses incident to publishing the Journal, holding of annual meetings, print- 
ing of programs, conduction of elections, etc., shall be paid by the secretary-treasurer 
through vouchers which shall be kept on file for the auditor’s convenience. The certified 
statement of the auditor shall be presented with the secretary-treasurer’s annual report. 


Section 4. Allocation of Dues 


The annual dues of each member shall be placed at the disposal of the editorial 
board of Plant Physiology and of the secretary-treasurer for the expenses of the Society 
and the Journal. 


Section 5. Life Membership Income 


Only the income of funds derived from life members and patrons may be used for 
the work of the Society. Upon the death of life members and patrons, the funds thus set 
free shall become a permanent endowment for such purposes as the Society may desig- 
nate. 


Section 6. Election to Membership 


Applications for membership may be made at any time, and must be endorsed by 
one member in good standing. A majority vote of the Executive Committee, or of the 
Society at any regular meeting, shall elect to membership. 


Section 7. Quorum 


The members in attendance at the business meetings of the Society held during the 
annual meeting shall constitute a quorum to transact any necessary business. Action 
taken at the anual meeting, if the quorum is not less than 25 members, is final and need 
not be submitted to the Society as a whole for ratification. 


Section 8. Fiscal Year 


The fiscal year of the Society shall begin on July 1 and close on June 30. Dues are 
payable during the last quarter of the calendar year, in advance of the journal year. 
The dues shal! entitle the member to membership for the fiscal year, and to all numbers 
of the official journal in the succeeding calendar year. The term of all officers shall be- 
gin on July 1 and close on June 30. 


Section 9. The Stephen Hales Endowment and the Stephen Hales Prize 


4. The Endowment; Available Funds, Additions, Appropriations and Disbursements. 

a. The principal or endowment of the Stephen Hales Endowment and the Stephen 
Hales Prize of the American Society of Plant Physiologists shall consist of (1) the fund 
contributed in 1927 by eighty members of the Society and amounting to $941.75 on Janu- 
ary 1, 1928, together with (2) all subsequent additions thereto. The endowment shall not 
be available for appropriation. It shall be safely invested, at interest, by the treasurer 
of the Society, who shall make additional investments from time to time, as additions to 
the principal may be received from any source. Uninvested endowment funds shall be 
kept (until invested) on deposit in a savings bank to draw interest. 

b. The available funds shall be kept on deposit in a savings bank to draw inter- 
est. They shall consist of (1) the sum of $100 (initially set aside for this purpose from 
the original contributions), (2) all income received from the endowment and from avail- 
able funds and (3) any other additions designated as for the available funds. 


c. A financial statement of the Stephen Hales Endowment and the Stephen Hales 
Prize shall be made by the treasurer of the Society as of November 1, 1928, and as of 
the same date in subsequent years. This report shall show the status of the endowment at 
that time, the amount and sources of the available funds and suitable descriptions of all 
investments and deposits. The Executive Committee shal! secure the publication of this 
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statement (with suitable explanation of the nature of the Stephen Hales Prize) in connec- 
tion with the preliminary announcement or program of the next annual meeting in De- 
cember of each year. 


d. At the annual meeting in December of the odd numbered years (1929, 1931, 
etc.), the Executive Committee shall examine the treasurer’s report and shall make from 
the available funds an appropriation for the next Stephen Hales Prize Award, pro- 
vided, however, that the available funds reported as actually in hand on the preced- 
ing November 1 shall not be less than $100. The award shall then be publicly an- 
nounced, to occur at the annual meeting one year hence. If the available funds do not 
amout to $100 no appropriation shall be made, no prize award shall be announced, and 
no prize shall be awarded at the meeting one year hence. All available funds not appro- 
priated shall be kept available. The appropriation for the award one year hence shal! 


be kept available. The appropriation for the award one year hence shall not in any case 
be less than $190. 


The Executive Committee may at any annual meeting make an additional appro- 
priation from available funds to the endowment, but for no other purpose, with due re- 
gard to the surety of future prize awards. 


e. Disbursement of previously appropriated available funds shall be by the 
treasurer, by order of the president. 


B. The Prize Award 


f. The Stephen Hales Prize of the American Society of Plant Physiologists is to 
be awarded from time to time to residents of North America (men or women, members 


of the Society or not) who have served the science of plant physiology in some noteworthy 
manner. 


g. The award of this prize shall be made to a person selected by the committee on 
the Stephen Hales Prize. The secretary of the Society shall notify the chairman of this 
committee in January of the even number years (1930, 1932, etc,) as to whether a prize 
is to be awarded the following December and as to the amount of the appropriation 
therefor. If a prize is to be awarded (the necessary appropriation having been already 
made by the Executive Committee of the Society), then the committee on the prize shall 
proceed to canvass the contribution of North Americans to the science of plant physiolo- 
gy and shall select, to be the recipient of the next award, a person who has not previous- 
ly received this prize and who, in the committees’ judgment, is worthy of this honor. The 
chairman of the committe shall report their selection to the president of the Society no la- 
ter than November 1 and the president shall thereupon notify the selected person in con- 
fidence and ask him or her if possible to be present at the approaching meeting of the So- 
ciety. The name of the recipient of the prize shall be announced and the prize awarded 
at the annual dinner of the Society. 


The award shall consist of a certificate and a sum of money representing a safe 
fraction of the available fund (income) from the endowment after payment has been 
made for the plate and diploma above mentioned. 


h. The recipient of the Award shall be invited to deliver the Stephen Hales lec- 
ture on any subject in plant physiology at the next annual meeting of the Society. 


i. The Committee on the Stephen Hales Prize shall be constituted as follows: The 
president of the American Society of Plant Physiologists shall appoint three persons to 
serve on this committee in 1928, at least two of these being members of the Society. The 
president shall appoint one of these three to be chairman for 1928, and the remaining two 
shall determine by lot which one shall serve for 1929 and 1930 and which one shall serve 
for 1930 to 1932. One member shall retire from the committee at the end of each two-year 
period and the most recent recipient of the prize shall then become a member of the com- 
mittee, to serve for six years. The member who is serving the last two years of his term 
shall regularly be chairman of the committee. If any member of the committee should be 
unable to serve for any reason, or should resign, or if there should be no prize recipient 
to enter the committee, the president of the Society shall fill the vacancy by appointment to 
complete the vacant term. The chairman of the committee shall secure the certificate and 
shall place it in the hands of the president of the Society, for bestowal at the time of the 
official award. The bill for the certificate shall be endorsed by the chairman of the com- 
mittee and by the president, who shall authorize its payment by the treasurer. The money 
prize shall be disbursed by the treasurer within the month of the occurrence of the official 
award, on authorization by the president. 
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C. Alteration of these Rules 
These rules may be altered only by a unanimous vote of the Executive Committee 
of the Society and only after due notice of all changes shal! have been -published to the 
membership a full calendar year in advance of the changes. 


Section 10. The Charles Reid Barnes Fund 


a. The Charles Reid Barnes Life Membership Fund shal! consist of two funds, as 
follows: (1) a principal fund held perpetually in trust, and (2) an available fund. The 
function of the principal fund shall be to produce, through interest on its investment, the 
available fund. The function of the available fund shall be to provide an annual award 
of a life membership in the American Society of Plant Physiologists in honor of Dr. Charles 
Reid Barnes, first Professor of Plant Physiology at the University of Chicago. 


b. The principal fund shall consist of the investments of an original fund of $1,400 
set aside at the seventh annual meeting of the Society for this purpose, plus investments of 
such gifts as have been made or may be made from time to time to the principal fund, 
and plus any invested funds which may be released by the death of life members, until 
the principal sum reaches the sum of $3,000. After the principal fund is completed, funds 
released by the death of life members shall be placed in the general endowment of the So- 
ciety. The principal fund shall be kept constantly invested in securities recommended by 
the finance committee. 

c. The interest on these life membership endowments shall be placed in the gen- 
eral treasury, in the same manner as regular membership fees. 


d. The available fund shall consist of the accrued interest arising from the invest- 
ment of the principal fund, plus any gifts which may be made directly to the available 
fund. 


e. It shall be the duty of the president of the Society immediately after he takes of- 
fice each year to appoint a committee of five members to be known as the Charles Reid 
Barnes Life Membership Committee. 


f. It shall be the duty of the secretary-treasurer of the Society to report to the 
chairman of this committee not later than September 10 of each year, the status of the 
available fund. In case the available funds are sufficient to provide the constitutional re- 
quirements for the purchase of a life membership, the committee shall proceed with the 
selection of a candidate for the award. 


g. In considering the qualifications of members for this award, the committee shal] 
consider not only the character and quality of work, but also the age of the candidates, 
and whenever suitable candidates are availabie, shall select men above the age of 60 
years. Special consideration may also be given to plant physiologists who were associated 
in any way with Dr. Barnes. 

h. With the consent of the Executive Committee, the life membership committee 
may award a life membership to a non-member, provided it is known that the award 
would be accepted if made. 

i. Every fifth award shall be made to some outstanding plant physiologist of a for- 
eign country. 

j. The announcement of the award shall be made by the president of the Society at 
the annual banquet. 


SPECIAL AWARDS AND HONORS 


THE STEPHEN HALES PRIZE AWARDS 

1929—Dennis Robert Hoagland of the University of California, for his work in plant nu- 
trition. 

1930—Wightman Wells Garner of the United States Department of Agriculture, for his 
development of the concepts of photo-periodism. 

1932—Hubert Bradord Vickery of the Connecticut Agricultural Experiment Station for his 
contributions to plant-protein chemistry. 

1934—Charles Albert Shull of the University of Chicago, for distinguished service to the 
science of plant physiology. 

1936—Kenneth Vivian Thimann of Harvard University, for his work with plant-growth 
hormones. 
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1938—John Wesley Shive of the New Jersey Agricultural Experiment Station, for his 
contributions to plant nutrition. 

1940—Philip Rodney White of the Rockefeller Institute for Medical Research, for his pio- 
neer work and major contributions to plant tissue culture. 


CHARLES REID BARNES LIFE MEMBERSHIP AWARDS 


1926—Burton Edward Livingston, Johns Hopkins University. 
1927—Francis Ernest Lloyd, McGill University. 
1928—Herman Augustus Spoehr, Carnegie Institution. 


1929—Charles Albert Shull, University of Chicago, and 
George James Peirce, Stanford University. 


1930—Rodney Howard True, University of Pennsylvania; deceased 1940. 
1931—Charles Orville Appleman, University of Maryland. 

1932—-Charles Frederick Hottes, University of Illinois. 

1933—James Bertram Overton, University of Wisconsin; deceased 1937. 
1934—Frederick Frost Blackman, Cambridge University. 

1935—Frank Marion Andrews, University of Indiana; deceased 1940. 
1936—Daniel Trembly MacDougal, Carnegie Institution. 


1937—Alexander Pierce Anderson, Red Wing, Minn., and 
Homer LeRoy Shantz, U. S. Department of Agriculture. 


1938—Ludwig Yost, Heidelberg University. 
1939—Winthrop J. V. Osterhout, Rockefeller Institute. 
1940—William Francis Ganong, Smith College. 


CORRESPONDING MEMBERS OF THE SOCIETY 


1932—Frederick Frost Blackman, Cambridge University. 
1932—F. A. F.C. Went, University of Utrecht; deceased 1935. 
1934—Gottlieb Haberlandt, University of Berlin. 
1934—V. N. Lubimenko, Leningrad ; deceased 1937. 
1935—Nicolai A. Maximov, Moskva. 

1935—Hans Molisch, University of Wien; deceased 1937. 
1935—Bohumil Nemec, Charles University, Praha. 
1937—Henry H. Dixon, Trinity College, Dublin. 
1937—Alfred Ursprung, University of Fribourg. 
1938—Sir John Russell, Rothamsted Experiment Station. 
1940—P. Boysen Jensen, University of Kobenhavn. 


PATRONS OF THE SOCIETY 


Alexander Pierce Anderson, Red Wing, Minn. 

Frank Marion Andrews, University of Indiana; deceased 1948. 
Burton Edward Livingston, Johns Hopkins University. 

Walter Ferdinand Loehwing, University of lowa. 

Charles Albert Shull, University of Chicago. 

Herman Augustus Spoehr, Carnegie Institution. 

Walter Thomas, Pennsylvania State College. 
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* Life Members 
t Patrons 
+ Corresponding Members 


Only U.S. members in good standing on June 1 are included. Foreign members who 
paid dues for 1939-40 are included evea though some of them have not yet been able to 
pay current dues and the addresses of a few are probably obsolete. 


Abersold, John N.. Chemist-Physiologist, American Smelting and Refining Co., 700 Mc- 
Cormick Bldg., Salt Lake City, Utah. Light; sulfur dioxide injury. 

Adams, William) R(itchie), Assoc. Prof. Botany and Forestry, Univ. of Vermont, Bur- 
lington, Vt. Silvics and forest ecology. 

Addicott, Frederick T(aylor), Instructor, Santa Barbara State College, Santa Barbara, 
Calif. Plant hormones; cell division. 

Addoms, Ruth M(argery), Assoc. Prof. Botany, Duke Univ., Durham, N. C. Mineral 
nutrition; physiological anatomy. 

Aikman, J(ohn) M(ulvaney), Assoc. Prof. Botany, Iowa State College, Ames, Ia.; 
Proj. Supervisor, S. C. S. Research. Crop ecology; relation of plant cover to ero- 
sion control; plant competition. 

Akamine, Ernest K., Asst. in Plant Physiology, Hawaii Agri. Expt. Sta., Honolulu, 
T. H. Seed germination. 

Aldrich, Willard W., Senior Horticulturist, U. S$. Date Gardens, Indio Calif. Water 
relations of fruit trees; tree root behavior. 

Alexander, Taylor R., Dept. of Botany, Univ. of Miami, Coral Gables, Fla. 

Allison, Franklin E(Imer), Senior Chemist, Agricultural Research Center, Bur. of Plant 
Industry, Beltsville, Md. Biochemical nitrogen fixation; soils and fertilizers. 
tAnderson, Alexander P., Private Experimental Laboratory, Tower View, Red Wing, 
Minn. Molecular structure of wood; food shot from guns; also exploding and 

macerating wood. 


Anderson, Donald B(enton), Prof. Botany, North Carolina State College, Raleigh, N. C. 


Plant cell walls. 

Anthony, R(oy) D(avid), Prof. Pomology, Pennsylvania State College, State College, 
Pa. Fruit tree nutrition; fruit tree understocks; storage. 

*Applemen, C(harles) O(rville), Prof. Plant Physiology and Dean of the Graduate 
School, Univ. of Maryland, College Park, Md. Plant physiology and biochemis- 
try. 

Appleman, David, Asst. Prof. Plant Nutrition, Univ. of California, Los Angeles, Calif. 
Chlorophyll formation; chlorosis. 

Arens, Karl, Prof. of the University of Brazil, Rua Progresso 29, Apt. 201, Rio de Jan- 
eiro, Brazil. Photosynthesis; mineral metabolism; Peronosporaceae. 

Armstrong, Geo(rge) M(iller), Head, Dept. of Botany and Bacteriology, Clemson Col 
lege, Clemson, S. C. Nutrition of cotton; cotton fibers. 

Arndt, C(harles) H(omer), Assoc. Botanist, §. C. Agri. Expt. Station, Clemson, S. C. 
Water relations of plants; physiology of cotton seedlings. 

Arnon, D. 1., Junior Plant Physiologist and Instructor in Truck Crops, 3048 Life Sci- 
ences Bldg., Univ. of California, Berkeley, Calif. Nitrogen nutrition; micronu- 
trients. 


Asbury, Samuel E., Asst. State Chemist, College Station, Texas. Maximal growth and 
longevity of plants: 

Aslander, Alfred, Kung! Tekn. Hogskolan, Drottninggatan 95 A, Stockholm, Sweden. 

Atwater, Elizabeth Ransom, Owner Ransom Seed Lab., 2245 Park Drive, Los Angeles, 
Calif. Seed investigations. 
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Atwood, W(infred) M(cKenzie), Prof. Plant Physiology, Oregon State College, Cor- 
vallis, Ore. Germination; respiration. 

Auchter, E(ugene) C(urtis), Chief, Bur. Plant Industry, U. S. D. A., Washington, D. C. 
Physiology of crop plants. 

Avery, G(eorge) S(herman), Jr., Prof. Botany and Director of the Connecticut Arbore- 
tum, Connecticut College, New London, Conn. Plant hormones; growth and de- 
velopment. 

Ayers, Alvin D(earing), Agent, U. S. Regional Salinity Lab., Riverside, Calif. Miner- 
al nytrition; salt tolerance ; absorption of nutrients held on colloidal particles. 
Babb, M(yron) F(rancis), Assoc. Physiologist, U. S. D. A., Cheyenne Hort. Field Sta., 

Cheyenne, Wyo. Physiology of vegetable crops. 

Bacon, Franklin J., Prof. Botany and Pharmacognosy, Western Reserve Univ., Cleve- 
land, Ohio. Glucosides; volatile oil metabolism. 

Bailey, I(rving) W(idmer), Prof. Plant Anatomy, Biological Laboratories, Harvard 
Univ., Cambridge, Mass. Cambium and its derivative tissues; the plant cell wall. 

Bailey, Wallace K., U. S. D. A. Expt. Sta., Mayaguez, Puerto Rico. 

Bailey, W. M., Head, Dept. of Botany, Southern II]. State Normal Univ., Carbondale, III. 

Bair, Roy A(Ibert), Research Asst., Agent Agri. Mkt. Service, U. S. D. A., Lowa State 
College, Ames, Iowa. Pollen germination; weather-yield relationships. 

Bakke, Arthur L(aurence), Res. Prof. Plant Physiology, lowa Agric. Expt. Sta.; Agent U. 
S. D. A., Ames, Iowa. Physiology; herbicides; storage. 

Baldwin, Henry I(ves), Asst. Forester in charge Forest Research, N. H. Forestry and 
Recreation Dept., Hillsboro, N. H. Tree seed; forest ecology; tree physiology. 
Baldwin, I(ra) L(awrence), Prof. Agricultural Bacteriology, Univ. of Wiconsin, Mad- 

ison, Wisc. Physiology of micro-organisms. 

Ball, Charles D., Jr., Assoc. Prof. Biochemistry, Mich. State College, East Lansing, 
Mich. Wheat oil; anti-oxidants; protein precipitation. 

Banfield, Walter M., Agent, B. P. I., U. S. D. A.; 8 Whippany Rd., Morristown, N. J. 
Nutrition; movements of liquids in plants. 

Barr, C. Guinn, Res. Asst. in Plant Physiology, Mich. State College, East Lansing, Mich. 
Plant chemistry; spectrographic analysis; respiration. 

Bartholomew, Elbert T., Plant Physiologist, Citrus Expt. Sta., Riverside, Calif. Citrus. 

Barton, A. Willis, Head Biology Dept., Kansas State College, Hays, Kans. Enzymes; 
hydrogen ion concentration. 

Bean, R(oss) S(moot), 2502 Dwight Way, Berkeley, Calif. Mineral nutrition; nitro- 
gen metabolism. 

Bear, Firman E(dward), Dept. of Soils, Agri. Expt. Sta.. New Brunswick, N. J. Fer- 
tilizers; nutrition. 

Beasley, Mrs. J. O., 221 Milner St., College Sta., Texas. 

Beath, Orville A., Prof. Chemistry and Research Chemist, Univ. of Wyoming, Laramie, 
Wyo. Micronutrients; poisonous plants. 

Beauchamp, C. E., Manzana De Gomez 555, Havana, Cuba. Fertilizers and plant nu- 
trition, 

Beaumont, J(ohn H(erbert), Dir. Hawaii Agri. Expt. Sta., Honolulu, T. H. Flowering 
and fruiting of mango, coffee. 

Beck, W(illiam) A(nthony), Prof. Botany, Univ. of Dayton, Dayton, Ohio. Osmotic 
quantities; growth promoting substances; plant pigments; growth. 

Beckenbach, J(oseph) R(iley), Truck horticulturist in charge of Vegetable Crops Labor- 
atory, Bradenton, Fla. Nutrition; physiological disorders of vegetable crops. 
Beeskow, Herbert C(harles), Asst. Prof. Plant Physiology, Dept. of Botany, Mich. 
State College, E. Lansing, Mich. Effects of light upon plants; germination; vita- 

min C; mineral nutrition. 

Benedict, H(arris) M(iller), Assoc. Physiologist in charge of Forage Crop Investiga- 
tions, Horticultural Field Sta., Cheyenne, Wyo. Physiology of forage grasses. 

Bennett, Dewey, Instructor, Junior College, Garden City, Kansas. Taxonomy. 

Bennett, Emmett, 440 W. Foster Ave., State College, Pa. 

Bennett, James P., Prof. Plant Physiology, 110 Hilgard Hall, Univ. of Calif., Berkeley, 
Calif. Plant nutrition. 
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Bergman, Herbert F., Senior Pathologist, Bur. of Plant Industry, U. S. D. A., Goessman 
Laboratory, Mass. State College, Amherst, Mass. Pathology and physiology of 
cranberries and blueberries. 


Berry, L (evette) Joe, Asst. Prof. Biology, Bryn Mawr Col., Bryn Mawr, Pa. Bioelec- 
trics. 


Biale, J. B., Instructor in Subtropical Horticulture, 405 Hilgard Ave., Los Angeles, Cal. 
Respiration and transpiration. 


Bibbey, Robert O(wen), Instructor in Field Husbandry, Univ. of Saskatchewan, Sas- 
katoon, Sask, Can. Germination of weed seeds. 

Biddulph, Orlin, Asst. Prof. Botany, State College of Washington, Pullman, Wash. 
Plant nutrition. 

Bissinger, George H., Secretary-treasurer and Director of Research, Philippine Sugar 
Assoc., P. O. Box 1493, Manila, P. I. Cane breeding; physiology of sugar cane. 

*tBlackman, F(rederick) F(rost), Reader in Plant Physiology, Botany School of Cam- 
bridge, Cambridge, England. Respiration; photosynthesis. 

Blackman, Vernon H., Prof. Plant Physiology, Imperial College of Science and Tech., 
17 Berkeley Place, Wimbledon, S. W. 119 London, England. 

Blood, H. Loran, Agent and Plant pathologist, U. S. D. A., Utah Expt. Sta., Logan, Utah. 
Diseases of the tomato. 

Bonner, James, Asst. Prof. Plant Physiology, Calif. Inst. of Technology, Pasadena, 
Calif. Chemical physiology; plant growth factors. 

Boon-Long, (Tom) Siribongse, 909 Silom Rd., Bangkok, Thailand. Transpiration. 

Bouillenne-Wolrand, Ret. M., Univ. of Liege, 3 rue Fusch, Liege, Belgium. Growth; 
hormones. 

Bourne, B. A., Chief, Agricultural Research, U. $. Sugar Corp., Clewiston, Fla. Pathol- 

ogy; physiology; agronomy; sugar cane genetics. 

Bremekamp, C. E., Prof., Ostadelaan 14, Bilthoven, Holland. 

Brenchley, Winifred E., Rothamsted Experimental Station, Harpenden, Herts, England. 
Plant nutrition ; minor elements; weeds. 

Brierly, W (ilfrid) G(ordon), Prof. Horticulture, University Farm, St. Paul, Minn. Cold 
resistance of fruit plants. 

Brown, H(oward) D(exter), Prof. Vegetable Gardening, Hort. Dept., Ohio State Univ., 
Columbus, Ohio. Quality of vegetables; fertilizer tests; breeding; water culture. 

Brown, J(ames) G(reenlief), Head, Dept. Plant Pathology, Jniv. of Ariz., Plant Path- 
ologist, Ariz Expt. Sta., Box 4672, University Station, Tuscon, Ariz. Cotton dis- 
eases; bacterial diseases of plants. 

Brown, James W., 1916 M St. N.E., Apt. 2, Washington, D. C. Respiration; after ri- 
pening ; germination. 

Brown, Russell G., Asst. Prof. Botany, Univ. of Maryland, College Park, Md. Ecology. 

Brown, V. Elholm, Prof. Botany, Taylor Univ., Upland, Ind. 

Browning, Harold W., Prof. Botany, R. I. State College, Kingston, R. I. Plant patholo- 
gy; physiology of the fungi. 

Broyer, Theodore C(larence), Jr. Plant Physiologist, Div. of Plant Nutrition, Univ. 
of Calif., Berkeley, Calif. Plant nutrition; absorption and transport of solutes 
and water. 

Buller, A. H. Reginald, Prof. Emeritus, Dept. of Botany, Univ. of Manitoba, Winnipeg, 
Canada. Fungi; physiological problems in general. 

Burk, Dean, Senior Chemist, Nat’! Cancer Inst., U. S. Public Health Service, Bethesda, 
Md. Intermediate metabolism; nitrogen fixation; photosynthesis. 


Burkhart, Leland, Assoc. Agronomist, North Carolina State College, Raleigh, N.C. Nu- 
trition of agronomic and horticultural crops. 


Burkholder, Paul R., Dept. of Botany, Yale Univ.,. New Haven, Conn. Plant growth; 
hormones. 


Burns, George P., Prof. Botany, Univ. of Vermont, Burlington, Vt. Plant growth; 
silvics. 


Burns, G. Richard, Assoc. Prof., Hunter College, 695 Park Ave., New York City, N. Y. 
Photosynthesis. 
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Burr, Geo. O., Prof. Botany, Univ. of Minn., Minneapolis, Minn. Photosynthesis; light 
effects ; lipids. 

Burrell, R. C., Prof. Agric. Chem., Ohio State Univ., Columbus, Ohio. Plant chemistry. 

Burstrom, H. G., Docent Botany Dept., College of Agri, Ultana, Uppsala, Sweden. 
Plant nutrition. 

Butterfield, Norman W., Instructor Floriculture, R. I. State College, Kingston, R.I. Nu- 
trition of horticultural plants. 

Caird, Ralph W., Soil Conservation Service, U. S. D. A., P. O. Box 1332, Pueblo, Colo. 

Caldwell, John, Head, Dept. Botany and Hort., Univ. College, Exeter, England. Gener- 
al; pathological. 

Caldwell, Joseph S., Senior Physiologist, U. S. Hort. Sta., Beltsville, Md. Biochemistry 
of growth and ripening; effects of environment on chemical composition. 

Campbell, John A., Supt. Truck Crops Expt. Sta., Crystal Springs, Miss. Plant nutri- 
tion. 


Carey, Cornelia Lee, Asst. Prof. Botany, Barnard College, Columbia University, New 
York, N. Y. Bacteriology. 

Carolus, Robert L(yle), Horticulturist, Va. Truck Expt. Sta., Norfolk, Va. Mineral nu- 

trition of vegetable crops. 

Carr, R. H., Prof. Agric. Chemistry, Purdue Univ., Lafayette, Ind. Biochemistry. 

Carrol, J. C(leve), Asst. in Agronomy, Ohio Agri. Expt. Sta., Wooster, Ohio. Agrostol- 
ogy ; temperature and moisture relations in plants. 

Casamajor, Robert, Pres. Pasadena Flower Show Assn., 385 East Green St., Pasadena, 
Calif. 

Castaneda, A. Manuel, Prof. Plant Physiology, Instituto Politecnico Nacional, Mexico, 
D. F., Apartado Postal-7016. Plant biochemistry; respiration; metabolism; min- 
eral nutrition; soil biochemistry; phytohormones. 

Castle, Edward S(ears), Assoc. Prof. Physiology, Harvard Univ. Biol. Labs., Divinity 
Ave., Cambridge, Mass. Growth and structure of cell wall; physiology of fungi. 

Cereghelli, Raoul, Ingenieur Agronome, Professeur a la Faculte des Sciences, Lab. D’ 
Agronomie, Place V. Hugo, Marseilles, France. Tropical agronomy. 

Chadwick, L(ewis) C(harles), Assoc. Prof. Horticulture, Dept. of Horticulture, Ohio 
State Univ., Columbus, Ohio. Propagation and nutrition of ornamental plants. 

Chance, Harrison L., Assoc. Prof. Botany, Univ. of Oklahoma, Norman, Okla. Physiolo- 

Chandler, F(rederick), B(arker), Assoc. Physiologist, Maine Agri. Expt. Sta., Orono, 
Maine. Plant nutrition. ; 

Chandler, Ray C., 2457 Sacramento St., San Francisco, Calif. 

Chandler, W. H., Prof. Horticulture, Univ. of Calif., 405 Hilgard Ave., Los Angeles, 
Calif. Horticulture. 

Chapman, A. G., Silviculturist, U. S. Forest Service, Columbus, Ohio. Forest regenera- 
tion research. 

Chapman, H. D., Assoc. Chemist, Univ. of California, Citrus Expt. Sta., Riverside, Calif. 
Citrus nutrition. 

Cheney, Ralph H., Chairman Biology Dept. and Prof. of Biology, L. I. Univ., Brook- 
lyn, N. Y. Plant alkaloids from the genus Coffea; effect of purine compounds and 
nicotine upon plants and animals. 

Chiao, Chi Yuen, Dept. of Botany, Univ. of Nanking, Chengtu, Szechuan, China. Gen- 
eral; physiology of fungi. 

Childers, Norman F(ranklin), Asst. Prof. Horticulture, Ohio State Univ., Columbus, 
Ohio. Photosynthesis; transpiration; respiration; nutrition. 


Cholodny, Nicolai G., Botanical Instiute, Ukranian Academy of Sciences, Kiev, U. S. 


Clark, Daniel G., Asst. Prof. Botany, Cornell Univ., Ithaca, N. Y. Photosynthesis; 
mineral nutrition; hormones. 


Clark, Harold E(ugene), Head, Physiology-Soils Dept., Pineapple Expt. Sta., Box 3166, 
Honolulu, T. H. Physiology of pineapple; nitrogen nutrition. 


Clark, J(oy), Harold, Prof. Pomology, Rutgers Univ., N. J. Agri. Expt. Sta. New 
Brunswick, N. J. Small fruits; breeding; pomology. 


DIRECTORY OF MEMBERS 


Clark, Norman A., Assoc. Prof. Soil Chemistry, Iowa State College, Ames, Iowa. Min- 
eral nutrition; accessory growth-substances. 

Clark, Orton L(oring), Assoc. Prof. Botany, Mass. State College, Amherst, Mass. Light 
and growth; plant motility; ecology. 

Clark, William G., Asst. Prof. Zoology, Univ. of Minn., Minneapolis, Minn. Accumu- 
lation, concentration, and osmotic work by plants and animals. 

Clements, Frederick E(dward), Carnegie Institute, Mission Canyon, Santa Barbara, 

alif. Ecology. 

Clements, Harry F(rank), Prof. Botany and Plant Physiology in Expt. Sta. Univ. of 
Hawaii, Honolulu, T. H. Climate and plant growth; bud behavior; transloca- 
tion. 

Clum, Harold H(aydn), Assoc. Prof. Botany, Hunter College, 695 Park Ave., New 
York, N. Y. Water relations. ‘ 

Cohen, Barney Barnett, Teacher of Biology, 5039 N. Kimball Ave., Chicago, Ill. Nutri- 
tion, 

Collander, (Paul) Runar, Prof., Botanical Institute, Univ. of Helsingfors, Helsingfors, 
Finland. Cell permeability; mineral nutrition. 

Combes, Raoul, Prof. Physiologie Vegetale Fac. des Sciences, Sorbonne, 1 rue Victor- 
Cousin, Paris, France. 

Conner, Herbert W., 2032 W. 110th Place, Morgan Park Sta., Chicago, III. 

Conrad, Carl M., Senior Cotton Technologist, Bur. Agri. Econ., U. S. D. A., Box 264 Hy- 
attsville, Md. Chemical composition and utility of the cotton fiber. 

Conrad, John P., Assoc. Prof. Agronomy, Div. of Agronomy, Davis, Calif. Effects of 
crops on soil and crops following. 

Cooil, Bruce J., 2321 Hoste St., Berkeley, Calif. 

Cooke, Douglas A., Plant Physiologist, Hawaiian Sugar Planters’ Assn., Honolulu, T. H. 
Mineral nutrition of sugar cane. 

Cooley, J. S., Senior Pathologist, U. S. Hort. Sta., Beltsville, Md. Pathology. 

Cooper, H. P., Dean of Agriculture and Director of the Agri. Expt. Sta., Clemson Col- 
lege, Clemon, S.C. Mineral nutrition; ecology. 

Cooper, William C(ecil), Assoc. Physiologist, U. S. Subtropical Expt. Sta., Orlando, 
Fla. Plant hormones. 

Cosper, Lloyd C., Independent research, 1739 E. Mendocino St., Altadena, Calif. Or- 
chid nutritional studies; effect of growth hormone on orchids; orchid seed germin- 
ation. 4 

Crafts, Alden S(pringer), Assoc. Prof. Botany and Assoc. Bot. in the Expt. Sta., Bot- 
any Div., Univ. of Calif., Davis, Calif. Structure and function of phloem; chem- 
ical weed control. 

Cruess, W., Prof., Division of Viticulture and Fruit Products, Univ. of Calif., Ber- 
keley, Calif. Fermentation; enzymes. 

Cullinan, F(rank) P., Senior Pomologist, U. S. Hort. Sta., Beltsville, Md. Nutrition and 
physiology of stone fruits. 

Culpepper, Charles W., 4435 N. Pershing Drive, Arlington, Va. Fruit and vegetable 
preservation. 

Curtis, Otis F., Prof. Botany and Plant Physiology, Cornell Univ. Agri. Expt. Sta., Itha- 
ca, New York. Translocation; water relations. 

Curtis, Otis F., Jr., Instructor Florticulture, 405 Hilgard Ave., Los Angeles, Calif. Phy- 
siology of ornamental plants. 

Dagys, Jonas M., Botan. Inst. Univ., Ciurlionio 23, Vilnius, Lithuania, U. S. S. R. 
Growth; nutrition; plant hormones and vitamins. 

Daniel, T. W., Grad. Student and Asst., Univ. of Calif., 331 Gianinni Hall, Berkeley, 
Calif. Physiology of forest trees. 

Danielson, Loran L(eroy), Grad. Student, Botany Dept., State Univ. of Iowa, Iowa 
City, lowa. Sex; plant nutrition; physiology of genetics. 

Darbaker, Leasure K (line), Prof. Microbiology and Pharmacognosy, School of Phar- 
macy, Univ. Pittsburgh, Pittsburgh, Pa. Micro-biology. 

Darken, Marjorie A(lice), Research Asst., 400 Washington St., Hartford, Conn. Phy- 
siology; biochemistry. 
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Davidson, O. W(esley), Asst. Prof. Pomology, Assoc. Biochemist in Hort. N. J. Agri. 
Expt. Sta., New Brunswick, N. J. Plant nutrition. 

Davies, P. A., Prof. and Head, Dept. of Biology, College of Liberal Arts, Univ. of 
Louisville, Louisville, Ky. Physiology; biochemistry. 

Davis, A. R., Prof. Plant Physiology, Univ. of California, Berkeley, Calif. Relation of 
light to growth. 
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ations. 
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Mo. Nicotine in tobacco; nitrogen metabolism; plant products. 
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tion; tissue culture; vitamins. 
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physiology ; photosynthesis. 
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Can. Nutrition; respiration; methods of analysis. 
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tion (effect of trace elements on the chemical composition of plants); plant bio- 
chemistry. 
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Deters, Merrill E., School of Forestry, Univ. of Idaho, Moscow, Idaho. 
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Nutrition of crop plants; nutrient deficiency symptoms; strain and species varia- 
tions in nutrient element requirements. 

Deuber, Carl G., Asst. Prof. Plant Physiology, Osborn Botanical Laboratory, Yale 
Univ., New Haven, Conn. Chlorophyll; mineral nutrition; vegetative propagation. 

Dexter, Stephen Terry, Asst. Prof. and Res. Assoc., Farm Crops Dept., Mich. State 
College, East Lansing, Mich. Winter hardiness; physiology of weeds; forage crops. 
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General. 

*+Dixon, Henry H., Univ. Prof. Botany, Trinity College, Dublin, Ireland. Osmotic pres- 
sure; translocation. 

Doneen, L. D., Junior Irrigation Agronomist, Division of Irrigation Investigations and 
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DuBuy, H. G., Asst. Prof. Plant Physiology, Univ. of Md., College Park, Md. General 
physiology; growth factors. 

Duggar, Benjamin M., Prof. Physiological and Applied Botany, Univ. of Wisconsin, 
Madison, Wisc. Physiology; physiological pathology. 

Dungan, Geo(rge) H(arlan), Prof. Crop Production, Agronomy Dept., Univ. of IIL, 
Urbana, Ill. Adaption of corn, wheats, oats and barley; crop physiology. 

Dunlap, A(lbert) A(tkinson), Chief, Div. Plant Pathology and Physiology, Texas Agri. 
Expt. Sta., College Station, Texas. Physiological aspects of plant diseases; fruit- 
ing of cotton. 

Dunn, Stuart, Asst. Prof. Botany and Asst. Botanist, Expt. Sta., Univ. of New Hamp- 
shire, Durham, N. H. Influence of soil textures and aeration on plant growth; 
plant propagation. 

Durell, W (illiam) D(onald), Instructor Botany, Univ. of Kansas, Lawrence, Kans. Plant 
nutrition, 

Dustman, Robert B., Head, Dept. Agri. Chem., Univ. of West Virginia, Morgantown, 
West Virginia. Plant nutrition. ' 





DIRECTORY OF MEMBERS 19 


Eastwood, Thomas M., Graduate Asst. in Horticulture, Purdue Univ., Lafayette, Ind. 
Plant nutrition; plant pathology. 

Eaton, Frank M(orris), Senior Plant Physiologist, U. S. D. A., College Station, Texas. 
Physiology of the cotton plant; salt, boron and water relations. 

Eaton, Scott V(erne), Asst. Prof. Botany, Univ. of Chicago, Chicago, Ill. Mineral 
nutrition; plant chemistry. 

Eisenmenger, Walter S., Res. Prof. and Head Dept. of Agronomy, Mass. State College, 
Amherst, Mass. Antagonism; colloidal chemistry of soil. 
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Mineral nutrition. 
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synthesis. 

Emmert, E(mery) M(yers), Asst. Prof. Horticulture, Univ. of Ky., Lexington, Ky. Use 
of rapid tissue tests in determining the nutritive needs of plants. 

Engard, Charles J(oseph), Asst. Prof. Botany, Univ. of Hawaii, Honolulu, T. H. Plant 
anatomy ; plant physiology. 
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Grass and clover improvement; pasture ecology. 
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Finch, Alton H(arold), Head, Dept. Hort., Univ. of Ariz., Tuscon, Ariz. Mineral 
nutrition; physiology of fruiting; plant breeding. 
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Gail, Floyd W., Prof. Botany, Univ. of Idaho, Moscow, Idaho. Physiology; ecology. 
Galligar, Gladys C(harlotte), Asst. Prof. Biology, James Millikin Univ., Decatur, Ill. 
Tissue culture. 


*Ganong, William F., Prof. Emeritus of Botany, Smith College, Northampton, Mass. 
General. 
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ham, Mass. Forest tree growth <nd nutrition; radiation. 
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nutrition ; salt tolerance of plants. 

Gerhardt, Fisk, Physiologist, U. S. D. A., Fruit Disease Lab., Box 99, Wenatchee, Wash. 
Physiology and biochemistry of deciduous fruits; transportation and storage. 
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Ithaca, N. Y. Tissue culture and plant-growth-regulating substances; mineral 

nutrition. 
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Forest Products Lab., Madison, Wisc. Physiological plant anatomy; oleoresins and 
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Gibbs, R(onald) Darnley, Asst. Prof. Botany, McGill Univ., Montreal, Quebec, Can. 
Tree physiology. 
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ton, R. I 

Gilbert, Seymour G., Res. Asst. Plant Physiology, Rutgers Univ., New Brunswick, N. J. 
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Gilman, Joseph C(harles), Prof. Botany, lowa State College, Ames, lowa. Physiology 
of fungi. 

Girton, Raymond E., Prof. Plant Physiology, Dept. of Biology, Purdue Univ., Lafayette, 
Ind. Respiration of roots. 

Glatfelter, Edith E., Professor, Harris Teachers College, 4720 N. 20th St., St. Louis, Mo. 

Goddard, David R(ockwell), Asst. Prof. and Chairman Botany, Univ. of Rochester, 
Rochester, N. Y. Respiration; respiratory enzymes. 

Goldsmith, G(lenn) W(arren), Prof. Botany, Univ. of Texas, 14 Biology Bldg., Austin, 
Texas. Physiology of fungi. 

Goodwin, R(ichard) H., Asst. Prof. Botany, Univ. of Rochester, Rochester, N. Y. 
Growth. 

Gourley, Joseph H., Head Dept. of Horticulture, Ohio Agri. Expt. Sta., Wooster, Ohio. 
Horticulture. 

Graber, L(aurence) F., Prof. Agronomy, Univ. of Wisc., Madison, Wisc. Food reserves; 
water utilization; cold resistance. 

Granick, Sam, Asst. in Physical Chemistry, Rockefeller Inst. for Medical Res., 66th and 
York Ave., New York, N. Y. Oxidation reduction; enzymes. 

Greathouse, Glenn A(rthur), Physiologist, Bur. of Plant Ind., U. S. D. A., Washington, 
D. C. Cold hardiness; chemistry of disease resistance; chemical and physical 
studies of cotton fiber. 

Greene, Laurenz, Chief in Hort., Agri. Expt. Sta., Lafayette, Ind. Horticulture; flori- 
culture; light. 

Grieve, B. J., School of Botany, Univ. of Melbourne, N 3, Melbourne, Victoria, Australia. 
Physiology of parasitism with special reference to bacterial diseases. 

Groner, Miriam G/(eorgia), Prof. Biology, Atlantic Christian College, Wilson, N. C. 
Physiology of inheritance ; sugar metabolism. 


Grossenbocher, Karl A(lbert), Biological Laboratories, Harvard Univ., Cambridge, 
Mass. 


Gutafson, Felix G., Assoc. Prof. Botany, Univ. of Mich., Ann Arbor, Mich. Partheno- 
carpy; growth; hormones and respiration. 


Haas, A(lbert) R(ichard) C(arl), Assoc. Plant Physiologist, Citrus Expt. Sta., Univ. of 
Calif., Riverside, Calif. Nutrition of citrus, avocado, walnut and date trees, 
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+Haberlandt, Gottlieb, Prof. Botany, Univ. of Berlin, Berlinerstrasse 66, Berlin-Wilmers- 
dorf, Germany. 

Hageman, Richard H., Asst. Res. Chemist, Ky. Expt. Station, Lexington, Ky. Mineral 
nutrition. 

Halliday, George E., Asst. Biochemist, Bur. of Plant Industry, U. S$. D. A., Washington, 
D. C. Plant nutrition; biochemistry. 

Hamada, M(inorn), Mycologist, 18 Janaka-Nogami-Cho, Sakyoku, Kyoto, Japan. My- 
corrhiza; microbiology ; cell physiology. 

Hamm, Philip C., Res. Asst., Univ. of Minn., Como Sta., R. R. 3, St. Paul, Minn. Min- 
eral nutrition; plant propagation. 

Hamner, Karl C(lemens), Plant Physiologist, U S. Nutrition Laboratory, Ithaca, N. Y. 
Photoperiodism ; plant hormones; plant nutrition. 

Harley, C(layton) P(rice), Physiologist, U. S$. D. A., in charge of Field Laboratory, 
Wenatchee, Wash. Fruit production and disease investigations. 

Harris, G(eorge) Howell, Assoc. Prof. of Hort., Univ. of British Columbia, Vancouver, 
Canada. Plant nutrition; respiration and growth; food values of fruits and 
vegetables. 

Harrison, Bertrand F., Chairman, Botany Dept., Brigham Young Univ., Provo, Utah. 
Rooting of cuttings. 

Harrison, C(arter) M(onroe), Res. Assoc., Michigan State College, Farm Crops Dept., 
East Lansing, Mich. Pasture crops. 

Hart, Helen, Asst. Prof. Plant Path., Univ. of Minn., University Farm, St. Paul, Minn. 
Disease resistance. 

Hartman, John D(aniel), Res. Assoc. in Hort., Purdue Univ., Lafayette, Ind. Produc- 
tion, storage, processing and marketing of vegetable crops. 

Hartt, Constance E., Expt. Sta., Hawaiian Sugar Planters’ Association, Honolulu, T. H. 
Sugar cane; nutrition; growth. 

Harvey, E(dward) M., Physiologist, U. S. D. A., 305 W. Alvarado, Pomona, Calif. 
Physiology and chemistry of fruiting. 

Harvey, R(odney) B(eecher), Prof. Plant Physiology, University Farm, St. Paul, Minn. 
Hardiness; light; mineral nutrition; storage. 

Harvey, William A., Dept. of Agronomy, Washington State College, Pullman, Wash. 
Weed control. 


Hassid, W. Z., Div. of Plant Nutrition, Univ. of Calif., Berkeley, Calif. 


Hayward, Herman E(liot), Senior Plant Anatomist, U. S. Regional Salinity Lab., River- 
side, Calif. Developmental anatomy; nutrition; plant responses to saline condi- 
tions. 


Heggeness, Harold G(ordon), Asst. in Plant Physiology Section, University Farm, St. 
Paul, Minn. Arsenic toxicology; physiology of reproduction. 

Heinicke, Arthur J., Prof. Pomology, N. Y. State College of Agri., Cornell Univ., 
Ithaca, N. Y. Plant physiology relating to fruit culture; photosynthesis. 

Heinze, Peter H(erman), Jr., Plant Physiologist, U. S. Hort. Sta., Beltsville, Md. Photo- 
periodism. 

Helgeson, E(arl) A(drian), Head Dept. of Botany, N. Dak. Agri. College, Fargo, 
N. Dak. Physiological ecology of crop plants; seed germination. 

Hendrickson, A(rthur) H(oward), Pomologist, Univ. of Calif., Davis, Calif. Plant- 
soil water relations. 

Herrick, Ervin M(erritt), Commercial florist-grower, Hudson, Ohio. Cryoscopic meth- 
ods; microchemistry ; seed germination. 

Hiesey, W(illiam) M., Staff Member, Carnegie Inst., Stanford Univ., Calif. Compara- 
tive physiology of closely related climatic races. 

Hildreth, A(ubrey) C., Physiologist, Central Great Plains Field Sta., P. O. Box 1177, 
Cheyenne, Wyo. Hardiness. 


Hill, George R., American Smelting and Refining Co., Salt Lake City, Utah. Photosyn- 
thesis. 


Hill, Henry H., Va. Agri. Expt. Sta., Blacksburg, Va. Green manures nitrification; 
lysimeter experiments ; soils. 


Himmel, W (alter) J(oseph), Assoc. Prof. Botany, Univ. of Neb., Lincoln, Neb. 
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Hires, Clara S., Owner, Mistaire Laboratories, 152 Glen Ave., Millburn, N. J. Raising 
plants in jellied chemicals. 


Hoagland, D(ennis) R(obert), Prof. Plant Nutrition, Chemist in Calif. Agri. Expt. Sta., 
seen Life Sciences Bldg., Berkeley, Calif. Inorganic nutrition; soil and plant re- 
ations. 


Hobbs, Clinton H., Grad. Asst. Plant Physiology, Purdue Univ., Lafayette, Ind. Min- 
eral nutrition; respiration. 

Hock, Charles W(illiam), Res. Assoc., National Bur. of Standards, Washington, D. C. 
Protoplasm ; cell wall. 


Hoffer, George N.. Mgr. Midwest Office, American Potash Inst. Inc., 423 Life Bldg., 
Lafayette, Ind. Plant nutrition. 


Hoffman, George P., U. S. Hort. Field Sta., R 6, Meridian, Miss. 
Hofier, Karl, Wein 1, Universitat, Pflanzenphysiologisches Inst., Austria. 
Homes, Marcel V., Rue Ernest Salu 74, Bruxelles 11, Belgium. Protoplasm; physical 


chemistry. 

Hope, Claude, Asst. Hort., U. S. Plant Introduction Garden, Glenn Dale, Md. Phyto- 
chemistry. 

Horr, W(orthie) H(arold), Assoc. Prof. Botany, Univ. of Kansas, Lawrence, Kans. 
Nutrition. 


*Hottes, Charles F., Emeritus Prof. Plant Physiology, Dept. of Botany, Univ. of III. 
Urbana, Ill. 


Howlett, Freeman S(mith), Assoc. Hort., Ohio Agri. Expt. Sta., Wooster, Ohio. Physi- 
ology of reproduction in plants; development of gametes. 

Hoxmeier, Sister Mary Claire, Biology Dept., Briar Cliff College, Sioux City, Iowa. 
Plant Physiology. 

Huber, Glenn A., Western Wash. Expt. Sta., Puyallup, Wash. 

Huffington, Jesse M., Asst. Prof. Vegetable Gard. Extn., Hort. Bldg., State College, Pa. 
Vegetable growing; soil management. 

Hurd-Karrer, Mrs. Annie May, Assoc. Physiologist, Div. of Cereal Inv., Bur. of Plant 
Ind., U. S. D. A., Washington, D. C. Toxic elements; plant nutrition. 

Hutchins, Lee M., Senior Path., Bur. Plant Ind., U. S. D. A., P. O. Box 299, Brownwood, 
Texas. Virus diseases; physiological diseases; soil oxygen. 


Inman, Ondess L(amar), Dir. C. F. Kettering Foundation for the Study of Chlorophyll 
and Photosynthesis, and Prof. of Biology, Antioch College, Yellow Springs, Ohio. 
Chlorophyll and photosynthesis. 

Ireland, J. C., Plant Physiologist, Okla. Agri Expt. Sta., Stillwater, Okla. Plant breed- 
ing. 

Issatchenko, B. L., Novensky Bul. V. 25, Kv. 11, Moskva 69, U. S. S. R. Microbiology; 
seeds. 

Iyengar, M. O. P., 71 Venkatarangam Pillai St., Triplicane, Madras, India. 

Jacobson, H. G. M., Assoc. Soils Research, Conn. Agri. Expt. Sta., New Haven, Conn. 
Plant nutrition. 

Jacobson, Louis, Analyst, Div. Plant Nutrition, Univ. of Calif., Berkeley, Calif. Physiol- 
ogy; nutrition. 

Jaffe, L. S., Jr. Microanalyst, Bur. Chemistry and Engr., U. S. D. A., Washington, D. C. 
Absorption phenomena. 

Janes, Byron E(verett), Newcombe Fellow in Plant Physiology, Univ. of Mich., Dept. of 
Botany, Ann Arbor, Mich. Plant biochemistry. 

Jeffrey, R(obert) N(ewell), Plant Physiologist, Ky. Agri. Expt. Sta., Lexington, Ky. 
Physiology of tobacco curing; photosynthesis; enzymes; pectin. 

Jennings, O(tto), Prof. Botany, Univ. of Pittsburgh, Pittsburgh, Pa. 


tjensen, P. Boyson, Universitetets Plantefysiologiske Laboratorium, Gothersgade 140, Co- 
penhagen, Denmark. Production of matter in plants; growth substances. 


Johnson, Edna L(ouise), Prof. Biology, Univ. of Colo., Boulder, Colo. Radiation of 
plants; growth-promoting substances. ' 
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Johnson, I(ver) J., Prof. Plant Breeding, Dept. of Agronomy, Iowa State College, Ames, 
lowa. Breeding for carotinoid pigments. 


Johnston, Earl S., Asst. Director, Div. of Radiations and Organisms, Smithsonian Inst., 
Washington, D. C. Radiation and plant growth. 


Johustone, G. R., Univ. of South. Calif., 3551 University Ave., Los Angeles, Calif. Re- 
production of marine algae. 


Jones, Henry A., U. S. Hort. Field Sta., Beltsville, Md. Potato production and breed- 
ing; onion breeding. 
Jones, John P., Soil Conservation Service, Center Bldg., Upper Darby, Pa. 


Jones, Linus H(ale), Asst. Res. Prof. Botany, Mass. State College, Amherst, Mass. Plant 
nutrition; soil temperature effects on plant growth. 


Jones, Winston W(illiam), Asst. Hort., Hawaii Agri. Expt. Sta., Honolulu, T. H. Res- 
piration; fruit storage. 


Joslyn, M. A., Asst. Prof. Fruit Technology and Asst. Chemist in Expt. Sta., 339 Hil- 
gard Hall, Univ. of Calif., Berkeley, Calif. 


*Jost, Ludwig, Emer. o. Prof. in Heidelberg, Eckenerstrasse 22, Heidelberg, Germany. 


Julander, Odell, Instructor Forestry, lowa State College, Ames, Iowa. Physiology of 
range plants and forestry. 


Jurica, Hilary S., St. Procopius College, Lisle, Ill. Permeability. 


Kaiser, Samuel, Asst. Prof. Biology, Brooklyn College, Brooklyn, N. Y. Physiology and 
genetics of growth; growth hormones. 


Keenan, Edward T., Keenan Soil Lab., Frostproof, Fla. Plant nutrition. 

Kennedy, Sidney R., Asst., Dept. Botany, Cornell Univ., Ithaca, N. Y. Physiology; pho- 
tosynthesis. 

Kersten, Harold J., Assoc. Prof. Biophysics and Fellow in the Graduate School, Univ. 
of Cincinnati, Cincinnati, Ohio. Biological effects of radiation. 

Kertesz, Z. I., Chief in Res. Chem., N. Y. State Agri. Expt. Sta.. Geneva, N. Y. Plant 
enzymes; pectins; plant biochemistry. 

Kezer, Alvin, Prof. of Agronomy, Colo. Agri. College, Fort Collins, Colo. Nitrogen 
metabolism. 

Kimbrough, W. E., Dept. of Hort., Univ. of La., University, La. Horticulture. 

King, Genevieve, Teacher in High School, 1567-B E. Washington St., Charleston, W. 
Va. Floral primordia; seedless fruits; morphogenic responses. 

Kitchen, E. M., Pacific Coast Borax Co., 51 Madison Ave., New York, N. Y. Boron. 

Knott, James E(dward), Head Div. of Truck Crops. Univ. of Calif., Davis, Calif. Pho- 
toperiodism and temperature relationships. 

Koketsu, Riichiro, Prof. Plant Physiology, Bot. Inst., Kyushu Imperial Univ., Fukuoka, 
Japan. Water relations. 

Koriba, Kwan, Prof. of Plant Physiology, Ecology, and Organography, Bot. Inst., Im- 
perial Univ., Kyoto, Japan. General; convection and evaporation. 

Korstian, Clarence F., Director School of Forestry, Duke Univ., Durham, N. C. Syl- 
vics. 

Kramer, Amihud, Res. Asst., Nat’l Canners Assoc., 1739 H St. N. W., Washington, D. 
C. Physiological changes associated with maturation. 

Kramer, Paul J(ackson), Assoc. Prof. Botany, Duke Univ., Durham, N. C. Absorption 
of water; physiology of woody plants. 

Krasnosselsky, T. A., Spiridonovka 24, Kv. 37, Moskva 1, U. S. S. R. 

Kraus, E(zra) J(acob), Prof. and Chair. Dept. of Botany, Univ. of Chicago, Chicago, 
Ill. Morphology; histology; nutrition. 


Kraybill, H(enry) R(eist), Head Dept. of Agri. Chem., Purdue Univ., Lafayette, Ind. 
Plant biochemistry. 

Krotkov, G(leb), Asst. Prof. Biology, Queen’s Univ., Kingston, Ontario, Can. Respira- 
tion; cold and gas storage. 

LaFuze, H(enry) H(arvey), Assoc. Prof. Biology, E. Ky. State College, Richmond, Ky. 
Nutrition; physiology of fungi. 

Landon, Raymond H., Dept. of Plant Physiology, Univ. Farm, St. Paul, Minn. Temper- 
ature relations; storage. 
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Latimer, Lorenzo P., Dept. of Hort., Univ. of New Hamp., Durham, N. H. Pollination; 
electrical conductivity in relation to growth and keeping qualities of fruits. 

Lauritzen, John I., Div. of Sugar Plants, Bur. Plant Ind., U.S. D. A., Washington, D. C. 
Storage. 

Leach, William, Head Dept. Botany, Univ. of Manitoba, Winnipeg, Manitoba. General 
physiology; plant respiration. 

ee E(rwin) L(ouis), Pathologist, U. S. D. A., Hort. Research, University, La. 

ant pathology. 

LeCompte, Stuart B., Jr., Asst. Plant Physiologist, Conn. Agri. Expt. Sta., Windsor, Conn. 
Soil conditions; plant pigments. 

Lee, Atherton, Director, Puerto Rico Expt. Sta., Mayaguez, P. R. 

Leonard, O(liver) A., Asst. Plant Physiologist, Miss. Agri. Engr. Expt. Sta., State Col- 
lege, Miss. Root ecology; weed control; translocation. 

Leonian, Leon H., Prof. Mycology, W. Va. Univ., Morgantown, W. Va. Physiology of 
fungi. 

Levitt, J(acob), Instructor’ Plant Physiology, University Farm, St. Paul, Minn. Frost 
resistance; cell permeability. 


Lewis, J(ames) C(lement), Asst. Chemist, Oregon Agri. Expt. Sta., Corvallis, Oregon. 
Minor elements. 

Lindner, Robert C., U. S. D. A., Box 99, Wenatchee, Wash. Mineral nutrition; growth. 

Linford, M. B., Pineapple Expt. Sta., Honolulu, T. H. 

Lipman, Charles B., Prof. Plant Physiology and Dean of the Graduate School, Univ. 
Calif., Berkeley, Calif. Mineral metabolism of higher plants; nitrogen fixation; 
bacterial physiology. 

tLivingston, Burton E., Prof. Emer. Johns Hopkins Univ., Riderwood, Md. Physiology 
and its applications, especially physical aspects; soil and climatic conditions as re- 
lated to plants. 

*Lloyd, Francis E., Prof. Emer. McGill Univ., Box 482, Carmel, Calif. Stomata; rubber 

Lodder, William P., Chemist, P. O. Box 292, Syracuse, N. Y. Plant nutrition and fer- 
tilizer chemistry. 

tLoehwing, Walter F(erdinand), Prof. and Head, Dept. of Botany, Univ. of Iowa, lowa 
City, Iowa. Plant development and nutrition. 

Lohnis, M. P., Nassauweg 20, Wageningen, Holland, Microbiology. 

Long, David D., Director International Agri. Corp., Box 1725, Atlanta, Ga. 

Long, Francis L., Ecological Investigator, Carnegie Inst. of Washington, Las Encinas 
Rd., Mission Canyon, Santa Barbara, Calif. Photosynthesis; stomata; pollination. 

Longnecker, (William) Mayne, Assoc. Prof. Biology, Southern Methodist Univ., Dallas, 
Texas. General physiology. 

Loomis, Walter E(arl), Assoc. Prof. Plant Physiology, lowa State College, Ames, Iowa. 
Absorption of energy by leaves; physiology of maize. 

Lorenz, Ralph W(illiam), Assoc. in Forest Research, Univ. of Ill., Urbana, Ill. Silvics; 
high temperature tolerance in forest trees. 

Lowenhaupt, Benjamin, Grad. Student Botany, Univ. of Chicago, Chicago, III. 

Lumsden, D(avid) Victor, Assoc. Physiologist, U. S. Hort. Sta., Beltsville, Md. Phys- 
iology of ornamental plants. 

Lund, E. J., Prof. Physiology, Univ. of Texas, Austin, Texas. Bioelectric potential ; 
growth. 

Lutman, B. F., Vermont Agri. Expt. Sta., Burlington, Vt. 

Luyet, B(asile) J(oseph), Prof. of Botany, School of Medicine, St. Louis Univ., St. Louis, 
Mo. Latent life at low temperature and in the dry state; biophysics. 

Lyon, Charles J (ulius), Prof. Botany, Dartmouth College, Hanover, N. H. Growth rings 
of trees; osmotic relations; teaching methods in plant physiology. 

McAlister, Dean F., Asst. Physiologist, Bur. Plant Ind., U. S. D. A., Utah Expt. Sta., Lo- 
gan, Utah. Physiology of grasses. 

McAllister, F(rederick), Prof. Botany, Univ. of Texas, Austin, Texas. Morphology of 
Bryophyta; starch deposition. 

McCall, M(ax) A., Principal Agronomist in Charge Division of Cereal Crops and Dis- 
eases; Asst, Chief, Bur. of Plant Ind., U. 8. D. A.. Washington, D. C. Physiology; 
anatomy. 
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McCalla, A(rthur) G(ilbert), Res. Asst., Univ. of Alberta, Dept. of Field Crops, Ed- 
monton, Alberta, Can. Nitrogen metabolism; mineral nutrition and protein chem- 
istry. 

McComb, A(ndrew) L(ogan), Asst. Prof. Forestry, lowa State College, Ames, Iowa. Nu- 

trition and growth requirements of trees. 

McDermott, J(ohn) Joseph, Grad. Student, Dept. of Botany, Duke Univ., Durhan, .N. C. 
Plant physiological chemistry; respiration. 

*MacDougal, Daniel T., R. F. D. 170, Carmel, Calif. Growth; general. 

McGeorge, W. T., Agricultural Chemist, Head of Dept., Ariz. Agri. Expt. Sta., Tucson, 
Ariz. Soils and plant nutrition. 

MacGillivray, John H(enry), Asst. Prof. Truck Crops and Assoc. Olericulturist, Davis, 
Calif. Physiology of truck crops. 

McGinnies, W. G., Princ. Forest Ecologist, Southw. Forest and Range Expt. Sta., Box 
951, Tucson, Ariz. Physiological ecology. 

McKee, Mary C(larissa,), Prof. Chemistry, Connecticut College, New London, Conn. Or- 
ganic and biochemistry. 

MacKinney, Gordon, Asst. Prof. Fruit Technology, Univ. of Calif., Berkeley, Calif. 
Plant pigments. 

McKinney, H(arold) H(all), Senior Pathologist, U. S. Bur. of Plant Ind., Arlington, 
Farm, Arlington, Va. Viruses; virus diseases; ecological physiology. 

McLarty, Harold) R(oss), Officer-in-charge, Dom. Lab. of Plant Path., Summerland, 
B. C., Can. Physiological disorders of plants. 

McLean, R. C., Prof. of Botany, University College, Newport Rd., Cardiff, Wales. 

MacMasters, Majel M(argaret), Assoc. Chemist Starch and Dextrose Div., North. Re- 
gional Res. Lab., Peoria, Ill. Starch granule structure; amylase action, etc. 

McMurtrey, J(ames) E(dward), Jr., Senior Physiologist, Tobacco Inves., Bur. of Plant 
Ind., U. S. D. A., Washington, D. C. Mineral nutrition; biochemistry and biophysics. 

Machlis, Leonard, Dept. of Botany, Univ. of Calif., Berkeley, Calif. 

Macht, David I(srael), Dir. Pharmacological Res. Lab., Hynson, Westcott and Dunning, 
Charles and Chase Sts., Baltimore, Md. Phytopharmacology or effects of drugs on 
plants. 

Mack, Warren B., Head Dept. of Hort., Penn. State College, State College, Pa. Nutri- 
tion of vegetable crops. 

Mackie, William W., Univ. of Calif., 124 Hilgard Hall, Berkeley, Calif. 

Macy, Paul, Dept. of Chemistry, North Carolina State College, Raleigh, N. C. 

Mader, E(rich) O(tto), Dir. of Research, Yoder Bros., Barberton, Ohio. Physiology of 
horticultural crops; soilless culture; biochemistry of mushrooms. 

Madson, B(en) A(dolph), Prof. Agronomy, University Farm, Davis, Calif. Carbohy- 
drate and protein nutrition of plants. 

Magistad, O(scar) C(onrad), Asst. Chief, Bur. Plant Ind., Washington, D. C. Tropi- 
cal soils; soil salinity and relation to plant growth. 

Magness, J. R., Princ. Pomologist, U. S. Hort. Sta., Beltsville Md. Physiology of growth 
and storage. 

Mahoney, Charles H., Dept. of Hort., Univ. of Maryland, College Park, Md. Storage 
of celery and onions. 

Malan, P. F., Neethling St., Stellenbosch, Cape Prov., South Africa. 

Mandels, Gabriel R., Laboratory of Plant Physiology, Cornell University, Ithaca, N. Y. 

Marcello, Allesandro, San Fantin 3666, Venice, Italy. 

Maresquelle, Henri Jean, Prof. Botanique, Freud L’Universite, 23 Ave. du Puy de Dome, 
Clermont-Ferrand, France. Galls; sexuality; physics of water in plants. 

Marsh, (Edward) Gordon, Asst. Prof. of Zoology, State Univ. of Iowa, Iowa City, Iowa. 
Bioelectricity and metabolism. 

Marsh, Robert P(rice), Res. Assoc. Plant Physiology, Rutgers Univ., New Brunswick, 
N. J. Plant physiology; plant nutrition; trace elements. 

Marshall, J. B., Jr. Res. Biologist, Div. of Biology and Agri., Nat'l Res. Council, Ottawa, 
Can. Growth studies under controlled environmental conditions. 

Martens, Pierre, Prof. Univ. of Louvain, 23 Rue Marie-Therese, Louvain, Belgium. Cy- 
tology; cellular physiology. 
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Martin, Emmett (Virgil), Res. Asst. Carnegie Inst. of Washington, 159 Las Encinas Rd., 
Santa Barbara, Calif. Ecological physiology; water relations. 

Martin, William E., Dept. Hort., Univ. of Ariz., Tucson, Ariz. 

Marvin, James W(allace), Instructor Botany, Univ. of Vermont, Burlington, Vt. Cell 
shapes; morphogenesis. 

Mason, Thomas Godfrey, Head Physiologist, Empire Cotton Growing Corp., Trinidad, 
B. W.I. Hydration. 

Massey, L(ouis) M(elville), Prof. Plant Path. and Head of Dept., N. Y. State College 
of Agri., Cornell University, Ithaca, N. Y. Pathology. 

*Maximovy, N. A., Great Kaluzskaja Shosse 53-57, Apt. 16, Moskva, U. S.S. R. Water re- 
lations; drought and frost resistance; plant development. 

Maze, P., l'Institut Pasteur, 54 Rue Courte, Paris 15e A, France. Physiology; pathology. 

Mehrlich, Ferdinand P., Hawaiian Pineapple Co., Ltd., P. O. Box 3380, Honolulu, T. H. 

Meier, Henry F(rederick) A(ugust), Head, Dept. Forestry, Botany and Pathology, N. Y. 
State College of Forestry, Syracuse, N. Y. Mineral requirements; protoplasm ; 
growth promoting substances. 

Meredith, Clifford H(unt), Plant Pathologist, Science Master of Friends College, High- 
gate, Jamaica, B. W. I. The effect of various chemicals on the growth of banana 
roots in the soil. 

Mes, Margaretha Gerarda, Sr. Lecturer in Botany, Univ. of Pretoria, Pretoria, §. Africa. 
Photosynthesis; transpiration and water-relations; influence of toxins secreted by 
fungi on growth. 

Meyer, Bernard S(andler), Prof. Botany, Ohio State Univ., Columbus, Ohio. Water re- 
lations; photosynthesis. 

Meyer, Samuel L(ewis), Asst. Prof. Botany, Univ. of Tenn., Knoxville, Tenn. Brophyte 
physiology. 

Mihailescu, I. Gr., Institutul de Fizologie Vegetala, University of Cluj, Roumania. 
Translocation of organic substances ; photosynthesis; mineral constituents of plants. 

Miller, Edwin C., Prof. Plant Physiology, Botany Dept., Kansas State Agri. College, 
Manhattan, Kans. Water relations; plant chemistry. 

Miller, E. S., Instructor Botany, Univ. of Minn., Minneapolis, Minn. Photosynthesis; 
quantitative spectro-photoelectric methods; absorption spectra of carotenoids. 
Miller, Erston V., Physiologist, Bur. of Plant Ind., U. S. D. A., 415 N. Parramore St., Or- 
lando, Fla. Biochemistry of fruits and vegetables in storage and transportation; 

plant pigments. 

Miller, Laurence P., Biochemist, Boyce Thompson Inst. for Plant Res., Yonkers, N. Y. 
Effect of chemical stimulants on plant metabolism; glucoside formation in plants. 

Minarik, Charles E(dwin), Plant Physiologist, Texas Agri. Expt. Sta., Substation No. 4, 
R. 1, Beaumont, Texas. Rice nutrition. 

Mitchell, Harold L(oren), Assoc. Silviculturist, Allegheny Forest Expt. Sta., 3437 Wood- 
land Ave., Philadelphia, Pa. Nutrition; soils; silvics; tree physiology; forest in- 
fluences. 

Moinat, Arthur D(avid), Asst. Prof. Biology, Colo. State College Branch, Hesperus, 
Colo. Water relations; growth. 

Moir, W (illiam) W(hitmore) G(oodale), Agri. Technologist, Box 2298, Honolulu, T. H. 
Nutrition. 

Moore, Dwight M(unson), Prof. Botany, Univ. of Ark., Fayetteville, Ark. Rest period; 
flora of Arkansas. 


Moore, Rufus H., Puerto Rico Expt. Sta., U. S. D. A.. Mayaguez, P. R. 

Moreland, C. F., Dept. of Botany, Univ. of La., University, La. 

Morris, H(arry) Elwood, Head, Dept. Botany and Bacteriology, Montana State College, 
Bozeman, Mont. Mineral deficiencies in relation to plant diseases. 

Morris, Vincent H., Assoc. in Biochemistry, Dept. of Agronomy, Ohio Agri. Expt. Sta., 
Wooster, Ohio. Plant biochemistry; optical microscopy. 

Moyer, Laurence, S(orver,), Asst. Prof. Botany, Univ. of Minn., Minneapolis, Minn. 
Electrophoresis of proteins, latex, bacteria; cell physiology. 

Muenscher, W (alter) C(onrad), Prof. Botany, Cornell Univ., Ithaca, N. Y. Germina- 
tion and dormancy of seeds; weed control methods. 
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Mullison, Wendell R., Dept. of Biology, Purdue Univ., Lafayette, Ind. 

Murneek, A(ndrew) E(dward), Assoc. Prof. Horticulture, Univ. of Missouri, Colum- 
bia, Mo. Reproduction; photoperiodism; correlation. 

Murphy, (Rev.) John B(artholomew), Prof. Botany, DePaul Univ., 1010 Webster Ave., 
Chicago, Ill. General Botany; permeability. 

Musser, A. M., Horticulturist, S.C. Agri. Expt. Sta., Clemson College, $. C. Peach stocks. 

Myers, Jack (Edgar), National Research Fellow, Div. of Radiations and Organisms, 
Smithsonian Inst., Washington, D. C. Photosynthesis; plant pigments; physiology 
of Chlorella. 

Myers, R. Maurice, Boise Junior College, Boise, Idaho. Growth substances; abscission. 

Nash, Lee B., Asst. Horticulturist, Univ. of Florida, Gainesville, Fla. Research in veg- 
etable crops. 

Naylor, A(ubrey) Willard, Instructor Botany, Univ. of Chicago, Chicago, Ill. Photo- 
periodism; nutrition; growth. 

Nebel, B(ernard), R., Assoc. in Research, N. Y. State Agri. Expt. Sta., Geneva, N. Y. 
Cytology; genetics; pomology. 

Nelson, H. C., 8329 Wabash Ave., Grand Crossing Sta., Chicago, III. 

Nelson, Richard C(arl), Instructor in Plant Physiology, University Farm, St. Paul, Minn. 
Ripening of fruits; boron nutrition. 

*Nemec, Bohumil, Praha II, Benatska 433, Zivnostenska Bauka, Czechoslovakia. General 
physiology; experimental cytology. 

Newton, R., Dean of Agri., Univ. of Alberta, Edmonton, Alberta, Can. 

Nightingale, G. T., Expt. Sta. Pineapple Producers’ Co-operative Assoc., 4066 Black 
Point, Honolulu, T. H. 

Noecker, N(orbert) L., Instructor Biology, Univ. of Notre Dame, Notre Dame, Ind. Vi- 
tamins; physiology of fungi. 

Noggle, G(lenn) Ray, Fellow in Botany, Univ. of Illinois, Urbana, Ill. Plant physiolo- 
gy; plant vitamins and hormones; nitrogen metabolism. 

Norman A. G., Prof. Agronomy, Iowa State College, Ames, Iowa. Structural constitu- 
ents of plants; plant analysis. 

Northen, Henry T(heodore), Asst. Prof. Botany, Univ. of Wyoming, Laramie, Wyo. 
Protoplasm structure; irritability. 

Olmsted, Charles E., Instructor Botany, Univ. of Chicago, Chicago, Ill. Ecology of range 
grasses; interactions between plants in deciduous forests; water relations. 

Olsen, Carsten, Carlsberg Lab., Kobenhavn, Denmark. H-ion concentration of soil; min- 

eral nutrition. 

Oltman, R(obert) E(ugene), Res. Chemist, Minn. Valley Canning Co., LeSueur, Minn. 
Food technology (quality control) ; plant nutrition; spectroscopy. 

Oserkowsky, Jacob, Univ. of Calif., 110 Hilgard Hall, Berkeley, Calif. Growth; chloro- 
sis. 

*Osterhout, W. J. V., Rockefeller Medical Foundation, 66th St. and York Ave., New York, 
N. Y. Permeability. 

Overholser, E(arle) L(ong), Prof. Hort., Head of Dept. and Div. of Hort., State Col- 
lege of Wash., Pullman, Wash. Physiological problems of fruit growing; physiolo- 
gy of fruits. 

Overley, Fred L., Agri. Expt. Sta., Wenatchee, Wash. 

Owen, F. W., Geneticist, U. S. D. A., 1810 S. Main St., Salt Lake City, Utah. 

Owens, J(ames) S(tanley), Prof. Agronomy, Univ. of Conn., Storrs, Conn. Tobacco 
curing; preservation of forage crops. 

Paddick, Morris E(vans), Asst. Prof. Plant Physiology, Dept. of Botany, Colo. State 
College, Fort Collins, Colo. Growth and nutrition. 

Palmer, E. F., Hort. Expt. Sta., Vineland Sta., Ontario, Can. 

Parker, M(arion) W(esley), Physiologist U. S. D. A., U. S. Hort. Sta., Beltsville, Md. 
Photoperiodism ; biochemistry. 


Patterson, C. F., Dept. of Horticulture, Univ. of Saskatchewan, Saskatoon, Sask, Can. 

Pearse, H(arold) L(eslie), Chief Plant Physiologist, Western Prov. Fruit Res. Sta., Stell- 
enbosch, C. P., S. Africa. Nutrition and physiology of fruit tress; respiration: 
plant hormones. 
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Pearse, C. Kenneth, Range Researcher, U. S. Forest Service, Ogden, Utah. Range reveg- 
etation; growth requirements; hormones; germination. 

*Peirce, George J., Prof. Emer. Botany and Plant Physiology Stanford Univ., 281 Em- 
barcadero Rd., Palo Alto, Calif. Smoke and cement dust injury; ascent of sap. 

Pentzer, W(ilbur) T(ibbils), Plant Physiologist, U. S. D. A., Rt. 3, Box 552, Fresno, Cal. 
Respiration of fruits and vegetables; carbohydrates; metabolism. 

Pessin, L(ouis) J(erome), Research in Silvics, Federal Bldg., New Grleans, La. Tree 
nutrition; growth and reproduction. 

Peters, Charles A., Prof. Inorganic and Soil Chemistry, Mass. State College, Amherst, 
Mass. Iron in nutrient solutions. 

Phifer, Lyman D., Asst. Dir. Oceanographic Laboratories, Univ. of Wash., Friday Har- 
bor, Wash. Phytoplankton; physiology of marine plants. 

Philips, Thomas G., Prof. Agri. and Biol. Chemistry and Chemist in the Expt. Sta., Univ. 
of N. H., Durham, N. H. Physiological chemistry. 

Pierre, W. H., Agronomist and Head of Agronomy Dept., Iowa State College, Ames, 
Iowa. Soil plant relationships; plant nutrition. 

Pillow, Maxon Y(oung), Assoc. Wood Technologist, Forest Products Lab., Madison, 
Wisc. Research; relationships of growth and wood structure and properties of 
forest trees, 

Platenius, Hans, Asst. Prof. Vegetable Crops, Cornell Univerity, Ithaca, N. ¥. Plant 
chemistry; storage. 

*Plitt, Thora M(arggraff), Ast. Microanalyst, Div. of Wildlife Research, Fish and Wild- 
life Serv., U. S. Dept. of Interior, Beltsville, Md. Plant microchemistry; micros- 
copy of furs. 

Popescu, Stefan, Prof. Plant Genetics, Sta. D’Amelioration Des Plantes, Iasi III, Tassy, 
Roumania. Absorption in roots; genetics; Roumanian wheats. 

Popp, H(enry) W(illiam), Prof. Botany, Pennsylvania State College, State College Pa. 
Radiation. 

Post, Francis, A., Jr. Agronomist, Soil Conservation Service, 828 Orange St., Coshocton, 
Ohio. Water relationships of plants. 

Post, Kenneth, Assoc. Prof. Floriculture, Cornell Univ., Ithaca, N. Y. Floriculture; phy- 
siology of ornamental plants. 

Potter, George F., Princ. Physiologist, U. S. Tung Field Lab., P. O. Box 812, Bogalusa, 
La. Problems of growth; nutrition and hardiness of the tung tree. 

Powers, E. L., Dept. of Soils, Oregon Agri. College, Corvallis, Ore. 

Pratt, Dudley J(ames), 1118 Taylor St., Topeka, Kansas. Plant physiology. 

Pratt, Robertson, Instructor, Univ. of Calif. Medical Center, San Francisco, Calif. 
Growth; medicinal plants; auxins. 

Prianischnikov, D. N., Ivanovskaja 23, Moscow 8, U. S. S. R. 

Pucher, Geo(rge) W., Res. Assoc. in Biochemistry, Conn. Agri., Expt. Sta., New Haven, 
Conn. Organic acid and nitrogen metabolism. 

Pulling, Howard E., Prof. Botany, Wellesley College, Wellesley, Mass. Plant physiol- 
ogy. 

Pultz, L(eon) M(erle), Prof. and Head of Botany and Range Ecology, Univ. of Ariz., 
Tucson, Ariz. Carbohydrates. 

Quillian, Marvin C(larke), Prof. Biology, Wesleyan College, Macon, Ga. Morphology; 
physiology; ecology. 

Raines, M(orris) A(bel), Prof. Botany, Howard Univ., Washington, D. C. Root systems ; 
techniques and instrumentation. 

Raleigh, George J., Dept. of Vegetable Crops, Cornell Univ., Ithaca, N. Y. Seeds; plant 
nutrients. 

Raleigh, S. M., Assoc. Prof., Univ. of Maine, Orono, Maine. Plant nutrition. 

Reeve, Eldrow, Grad. Asst., Botany Dept. U. S. A. C., Logan Utah. Chlorosis of grapes. 


Reid, Mary E(lizabeth), Cytologist, U. S. Plant Research Center, Beltsville, Md. Min- 
eral nutrition; vitamins; plant growth factors. 


Reinders, E., Arboretumlaan 4, Wageningen, Holland. 
Richards, F. J.. Rothamsted Expt. Sta.,. Harpenden, Herts, England. Mineral nutrition. : 
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Richey, Frederick D., P. O. Box 23, Ashville, Ohio. Genetics; breeding; growth of 
maize. 

Rigg, Geo(rge) B(urton), Prof. Botany and member of staff in Oceanography, Univ. of 
Wash., Seattle, Wash. Physiology of marine plants; physiology of plants of sphag- 
num bogs. 


Robbins, William J., Director, N. Y. Botanical Garden, Fordham Branch Post Office, 
New York, N. Y. Tissue culture; growth substances. 

Robbins, W (illiam) Rei, Asst. Plant Physiologist, N. J. Agri. Expt. Sta., New Brunswick, 
N. Mineral nutrition; nitrogen metabolism. 

Roberts, Edith A(delaide), Chairman, Dept. of Botany, Vassar College, Poughkeepsie, 
N. Y. Physiology. 

Roberts, John W(illiam), Principal Pathologist, U. S. Hort. Sta., Beltsville, Md. Dis- 

eases of deciduous fruit trees. 

Roberts, R. H., Prof. Horticulture, Univ. of Wisc., Madison, Wisc. Physiology; anat- 
omy. 

Roddis, Lewis H., Bur. of Medicine and Surgery, Navy Dept., Washington, D. C. 


Rohrbaugh, P. W., Plant Physiologist, Res. Dept., Calif Fruit Growers Exchange, 616 
E. Grove St., Ontario, Calif. Physiology of citrus fruit; respiration. 


Rosen, Hilda F., Asst. Prof. Physiology, Univ. of Texas, Austin, Texas. Bioelectric po- 
tentials; water relations; growth. 


Runyon, Ernest H(ocking), Assoc. Prof. Botany, Agnes Scott College, Decatur, Ga. Wa- 
ter relations; organization in Dictyostelium. 


tRussell, Sir E. John, Dir. Rothamsted Expt. Sta.. Harpenden, England. Soil conditions 
and plant development. 


Rygg, G(eorge) Leonard, Asst. Physiologist, U. S. Date Garden, Indio, Calif. Physiol- 
ogy of dates as related to handling and storage. 


Sachs, Ward., Ammonia Dept., E. I. duPont deNemours and Co., Box 2158, Orlando, Fla. 

Saeger, Albert C., Dept. of Biology, Jr. College of Kansas City, Kansas City, Mo. 

Salmon, S. C., Div of Cereal Crops, U. S. D. A.. Washington, D.C. Agronomy. 

Samisch, Rudolph, Div. of Hort., Agri. Expt. Sta., Rehoboth, Palestine. Dormancy in 
fruit trees; fermentative system and respiration in fruit. 

Sampson, A. W., 305 Hilgard Hall, Univ. of Calif., Berkeley, Calif. 

Sampson, Homer C., Prof. Botany, Ohio State Univ., Columbus, Ohio. Physiology; ecol- 
ogy. 

Sander, G. F., Demonstrator Genetics, McGill Univ., Montreal. Cytogenetics; physio- - 
logical genetics. 

Sayre, Jasper D., Physiologist, Div. of Cereal Crops and Diseases, Ohio Agri. Expt. Sta., 
Wooster, Ohio. Stomata; physiology of corn. 


Scarth, Geo(rge) W(illiam), Macdonald Prof. of Botany, McGill Univ., Montreal, Can. 
Physiology and its application. 


Schlenker, Frank S(tott), Asst. Chemist, R. I. Agri. Expt. Sta., Kingston, R. I. Solution 
culture and nitrogen metabolism. 

Schopfer, William Henry, Institut Botanique, Berne, Switzerland. Sex of fungi; nutri- 
tion ; vitamins. 

Schopmeyer, Clifford S., Jr. Plant Physiologist, Intermountain Forest and Range Expt. 
Sta., Ogden, Utah. Water relations; reforestation. 


Schrader, A(Ibert) Lee, Prof. Pomology, Dept. of Hort., Univ. of Maryland, College 
Park, Md. Cultural requirements and physiology of fruits. 


Schultz, Orville C., Assoc. Prof. Botany, Okla. A. & M. College, Stillwater, Okla. Physiol- 
ogy. 
Schuster, C. E., Hort. Div., Oregon State College, Corvallis, Ore. 


Scofield, Herbert T(emple), Asst. Prof. Botany, Ohio State Univ., Columbus, Ohio. Light 
relations; organic nutrition; ecology. 


Seifriz, William, Prof. Botany, Univ. of Penna., Philadelphia, Pa. Protoplasm. 


*Shantz, H(omer) L(eRoy), Chief, Div. of Wildlife Management, Forest Service, U. S. 
D. A., Washington, D. C. Plant geography; wildlife management. 


Shaw, Seth T., Dept. of Hort., Brigham Young Univ., Provo, Utah. 
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Shear, agg ot Pr Kyree) Assoc. Plant Physiologist, Va. Agri. Expt. Sta., Blacksburg, 
diseases; effects of pH on growth. 

Shirk, Harold G., Asst. Prof. Plant Physiology, Univ. of Md., College Park, Md. Res- 
piration; freezable-unfreezable water in plants; curing processes. 

Shirley, Hardy L(omax), Dir. Allegheny Forest Expt. Sta., 3437 Woodland Pye Phil- 
adelphia, Pa. Tree physiology; drought and cold resistance; light and growth. 

Shive, John W., Plant Physiologist, N. J. Agri. Expt. Sta.. and Prof. Plant Physiology, 
Rutgers Univ., New Brunswick, N. J. Plant nutrition. 

tShull, Charles A(lbert), Prof. Plant Physiology, Univ. of Chicago, Chicago, Ill. Wa- 
ter relations; mineral nutrition; radiation; growth phenomena. 

Shull, George H., Prof. Botany and Genetics ; 60 Jefferson Rd., Princeton, N. J. Geno- 
graphy; species hybridization ; physiological actions and reactions of genes. 

Sideris, Christos P., Univ. of Hawaii, Honolulu, T. H. 

Siems, H. “ Chief Chemist, Swift and Co. Fertilizer Works, U. S. Yards, Chicago, III. 
General. 

Sinclair, Walton B., Asst. Prof. Plant Physiology, Univ. of Calif. Citrus Expt. Sta., 
Riverside, Calif. Plant biochemistry. 

Singh, Bhola N., Head of the Inst. of Agri. Research, Benares Hindu Univ., Benares, 
India. Plant physiology; agronomy; biochemistry. 

Sitton, Benjamin G., Assoc. Pomologist, U. S. D. A., 607 Courthouse Bldg., Shreveport, 
La. Pecan production investigations; propagation, especially grafting; horticulture. 

Skeen, John R., 313 W. Manheim St., Philadelphia, Pa. Soil; ecology; grasses. 

Skok, John, Grad. Asst. in Botany, Univ. of Chicago, Chicago, Ill. Plant nutrition. 

Skoog, Folke, Assoc. in Botany, Johns Hopkins Univ., Baltimore, Md. Growth. 

Small, James, Prof. Botany, Queen’s Univ., Belfast, Ireland. General; pharmacognosy. 

Small, John A(lvin), Asst. Prof. Botany, N. J. College for Women, New Brunswick, 

Smirnov, A. I., Zemliancy Val 21/23, Kv. 70, Moskva, U. S. S. R. 

Smirnov, P. P., Gorsowietskaja 15, Tschlalov, U. S. S. R. 

Smith, C(harles) L(inton), Physiologist, U. S. D. A.. Brownwood, Texas. Physiology 
and biochemistry of the pecan. 

Smith, Grant N., Grad Asst., Dept. of Botany, Utah State College, Ogden, Utah. Res- 
piration; photosynthesis; mineral relationships. 

Smith, James H. C., Staff Member Biology, Carnegie Inst., Stanford Univ. P. O., Calif. 
Photosynthesis. 

Smith, John B(lackmer), Chemist and Assoc. Prof. Agri. Chemistry, R. I. State College, 
Agri. Expt. Sta., Kingston, R.I. Plant chemistry; soils, soil fertility. 
Smith, Malcolm E., Hackett Res. Student, Div. of Plant Nutrition, Univ. of Calif., Berk- 
eley, Calif. Mineral nutrition, especially the function of boron in the plant. 
Smith, Ora, Prof. Vegetable Crops, Cornell Univ., Ithaca, N. Y. Mineral nutrition; 
growth substances; potato culinary quality. 

Snow, A(lbert) G., Jr., Northeastern For. Expt. Sta., 334 Prospect St., New Haven, Conn. 
Physiological aspects of forest genetics. 

Somers, G. F., Grad. Student, Dept. of Botany, Cornell University, Ithaca, N. Y. 

Sommer, Anna L(ouise), Assoc. Soil Chemist, Ala. Agri. Expt. Sta., Auburn, Ala. Inor- 
ganic nutrition of plants; photosynthesis. 

Souton, Alphonse C., Instructor Biology, DePaul Univ., 2484 N. Clark St., Chicago, III. 
Plant nutrition. 

Spencer, Ernest L(eavitt), Res. Asst., Rockefeller Inst. for Medical Res., Princeton, N. 
J. Plant nutrition; physiological pathology. 

Spencer, J (ack) T (aif), Asst. in Agronomy, Ky. Agri. Expt. Sta., Lexington, Ky. Grass 
breeding; forage crops. 

Sperti, George Speri, Dir. of Scientific Res. and Educ., Institutum Divi Thomae, Mt. 
Washington, Cincinnati, Ohio. Cancer research. 


Spessard, E. A., Hendrix, College, Conway, Ark. 


tSpoehr, Herman A., Carnegie Institution of Washington, Stanford Univ., Calif. Phy- 
siology. ' 
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Sponsler, O. L., Prof. Botany, Univ. of California, Los Angeles, Calif. Structure of pro- 
teins. 


Sprague, G(eorge) F(rederick), Agronomist, U. S. D. A., lowa State College, Ames, 
Iowa. Genetics; corn breeding; physiology. 


Sprague, Howard B(ennett), Agronomist, Prof. Agronomy, Rutgers Univ., New Bruns- 
wick, N. J. Ecology of field crops; chlorophyll inheritance; breeding crop plants; 
grassland culture. 

Sprague, Vance G., Assoc. Agronomist, U. S. Regional Pasture Research Lab., State Col- 
lege, Pa. Physiology. 

Stahl, Arthur L(ouis), Assoc. Hort., Agri. Expt. Sta., Univ. of Fla., Gainesville, Fla. 
Preservation of foods; plant nutrition; composition of foodstuff. 

Staley, Kathryn, Richmond, Kansas. 

Stafelt, M. G., Botaniska Inst., Stockholms Hogskola, Stockholm, Sweden. Photosynthe- 
sis ; water relations. 

Stanfield, J. Fisher, Dept. of Science, Chicago Teachers College, Chicago, Ill. Physiolo- 
gy of sex; vitamins. 

Stark, Arvil L., Ext. Hort., Utah State College, Logan, Utah. 

Steinbauer, C(larence) E(mil), Assoc. Physiologist, Bur. of Plant Ind., U. S. D. A., Hort. 
Sta., Beltsville, Md. Horticulture; rest period. 

Steinbauer, George P., Assoc. Prof. Botany and Seed Analyst, Univ. of Maine, Orono, 
Me. Seed germination; physiology of dormancy. 

Steinberg, Robert A(aron), Assoc. Physiologist, U. S. D. A., Washington, D. C. Plant 
nutrition. 

Steinmetz, F. H., Prof. Botany, Univ. of Maine, Orono, Maine. Winter hardine:s. 

Steward, F. C., Dept. of Botany, Birkbeck College, Univ. of London, London, England. 
General physiology; biochemistry. 

Steyaert, Rene L., Labatoire de Bambese, District de |’Vele, Congo Belge, Africa. 

Stier, H(oward) L(ivingston), Asst. Olericulturist and Instructor, Dept. of Hort., Univ. 
of Maryland, College Park, Md. Physiology of vegetable crops; nutrition of veg- 
etable crops; plant growth substances. 

Stirling, James, Lecturer, Dept. of Botany, The University, Liverpool, England. Growth. 

Stoldt, Elnore, 759 S. Church St., Jacksonville, Ill. 

Stomps, Th. J., Prof. Botany, Univ. Amsterdam, Dir. Botanic Gardens, Amsterdam, Hol- 
land. Cytology; genetics. 

Stor, Paul W., Science Dept., Concordia College, St. Paul, Minn. . 

Strasbaugh, P(erry) D(aniel), Prof. Botany, W. Va Univ., Morgantown, W. Va. Dor- 
mancy of seeds, buds; phytohormones; winter hardiness. 

Street, Orman E., Plant Physiologist, Tobacco Expt. Sta., Lancaster, Pa. 

Stuart, Neil W(ade), Assoc. Physiologist, U. S. Hort. Sta., Beltsville, Md. Physiology 
of floricultural crops. 

Stuckey, Irene, Asst. Plant Physiologist, R. I. Expt. Sta., Kingston, R. I. Low tempera- 
tures; pasture grasses. ’ 

Sullivan, J. T., Physiologist, U. S. Pasture Lab., State College, Pa. Biochemistry. 

Swingle, Charles F (letcher), Horticulturist, Soil Conservation Service, Manhattan, Kans. 
Erosion control plants; propagation; hardiness. 

Takasu, Kenichi, Postgraduate, Botanical Inst., Imperial Univ., Kyoto, Japan. Plant 
climatology. 

Talley, Paul J., Asst. Prof. Biology, Texas A. and M. College, College Station, Texas. 
Growth and differentiation of seed plants; physiology of fungi. 

Tauja, Marija L., Thompsona iela 11, dz. 6, Riga, Lativa, U. S. S. R. Tissue culture. 

Teakle, L(aurence) J(ohn) H(artley), Research Officer and Adviser in Plant Nutri- 
tion, Dept. of Agri., Perth, W. Australia. Plant nutrition; soil science. 


Teller, G(eorge) L(incoln), Chemist, President of the Columbus Laboratories, 31 N. 
State St., Chicago, Ill. Plant enzymes; carbohydrates; protein compounds; plant 
minerals. 


Thimann, Kenneth V(ivian), Assoc. Prof. Plant Physiology, Harvard Univ., Cambridge, 
Mass. Growth ; growth hormones; vegetative propagation; plant biochemistry; 
metabolism of microorganisms. 
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Thoday, D., Dept. of Botany, University College of North Wales, Bangor, N. Wales, 
England. 

Thoennes, Gregory, Assoc. Prof. Biology, St. Mary's College, Winona, Minn. Low tem- 
perature physiology; growth ; hormones. 

Lismaer -~: Meirion, Dept. of Botany, King’s College, New Castle-on-Tyn 2, England. 

problenms of plant physiology. 

Theil Roy C., Assoc. Plant Pathologist, Ohio Agri. Expt. Sta., Wooster, Ohio. Plant 
lysins; bacterial diseases. 

+Thomas, Walter, Prof. Plant Nutrition, Pennsylvania State College, State College, Pa. 
Foliar diagnosis. 

Thompson, Homer C., Prof. and Head of Dept. of Vegetable Crops, N. Y. State College 
of Agri., Ithaca, N. Y. Temperature and light; minor or micro elements. 

Thompson, Ross C., Assoc. Hort., U. S. Hort. Sta., Beltsville, Md. Genetics and breed- 
of lettuce. 

Thone, Frank, Biology Editor, Science Service, Washington, D. C. Ware relations; at- 
mometry; science popularization. 

Thornton, yg yy F(arrar), Dir. Res. and Farm Serv. Dept., F. S. Royster Guano Co., 
Norfolk, Va. Fertilizers; plant nutrition; soil chemistry. 

Thut, Hiram F(rederick), Asst. Prof. Botany, East. Ill. State Teachers College, Charles- 
ton, Ill. Transpiration; growth; teaching of botany. 

Tiffany, (Lewis) Hanford, Prof. Botany and Chairman Dept. of Botany, Northwestern 
Univ., Evanston, Ill. Physiology and ecology of algae; Oedogoniales; teaching of 
botany . 

Tokuoka, Matsuo, Asst. Prof, Faculty of Science and Agri., Taihoku Imperial Univ., 
Taihoku, Formosa, Japan. Biochemistry. 

Tottingham, W(illiam) E(dward), Assoc. Prof. Riechemiaady, Univ. of Wisc., Madison, 
Wisc. Polyphenolase system of potato tuber; the function of boron in plants. 
Traub, Hamilton P., Principal Horticulturist, U. S. Hort. Sta., Beltsville, Md. Phytohor- 

mone research 

Trelease, Sam F., Prof. Botany, Columbia Univ., New York, N. Y. Nutrition. 

Trost, John F., Purdue Agri. Expt. Sta., W. Lafayette, Ind. Nutrition; maize. 

Tubbs, F(rank) R(alph), Plant Physiologist, Tea Res. Inst. of Ceylon, St. Coombs, Tal- 
awakelle, Ceylon. Physiology of crop plants. 

Tufts, Warren P(orter), Prof. Pomology, Univ. of Calif., University Farm, Davis, Cal. 
Climate in relation to fruit growing; fruit morphology; pruning. 

Tukey, H(arold) B(radford), Chief in Research, N. Y. State Agri. Expt. Sta., Geneva, 
N. Y. Horticulture; developmental morphology; plant propagation. 

Turrell, F(ranklin) M(arion), Jr. Plant Physiologist, Univ. of Calif. Citrus Expt. Sta., 
Riverside, Calif. Physiology of citrus. 

Twining, Frederick E., Owner Twining Laboratories, Fresno, Calif. P.O. Box 147. 

Ulrich, Albert, Div. of Nutrition, Univ. of Calif., Berkeley, Calif. 

Umrath, Karl, Dozent der Univ., Graz III, Zusertalgasse 9; Steiermark, Germany. Elec- 
trophysiology; irritability; hormones. 

*tUrsprung, Alfred, Director Botanical Inst., Fribourg, Switzerland. 

Vandecaveye, S. C., Dept. of Agronomy, State College of Wash., Pullman, Wash. 

Van den Honert, T. H., Treub-Laboratorium, Buitenzorg, Java, D. E. Indies. 

Van Haarlem, J. R., Asst. in Res., Soil and Plant, Vineland Sta., Ontario, Can. 

Van Horn, Clifton, W., Asst. Hort., Univ. Expt. Sta. Yuma, Ariz. Physiology of fruit- 
ing in horticultural trees. 

Van Overbeek, J (ohannes), Asst. Prof. Plant Physiology, Calif. Inst. of Tech., Pasadena, 
Calif. Physiology of growth, growth hormones; physiology of aquatic plants. 
a E., Laborat Voor Bloembollenonderzoek, Lisse, Holland. Pathology of 

bulbs, 

Vassiliev, I. M., Prof., Chausse Entusiastov IIIA, Moskva, U. S. S. R. 

Veerhoff, Otto (Louis,) (Jr.), Horticultural Physiologist, N. C. State College, Raleigh, 
N. C. Mineral nutrition; germination. 

Veihmeyer, Frank J., Prof. of Irrigation, Univ. of Calif., Davis, Calif. Plant-soil-water 
relations. ; 
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Verduin, Jacob, Grad. Fellow Botany, Ames, Iowa. Photosynthesis; hormones; physiolo- 
gy of disease. 

Vickery, Hubert B(radford), Biochemist in charge, Biochemical Laboratory, Conn. Agri. 
Expt. Sta.. New Haven, Conn. Proteins; amino acids; nitrogen metabolism. 

Von Guttenberg, Herman, Seestadt, Rostock 3, Germany. 

Von Ohlen, Floyd W., Agent, U.S. D. A., 129 W. North Broadway, Columbus, Ohio. 
Growth; microchemistry. 

Wadleigh, Cecil H., Agent, U. S. Regional Salinity Laboratory, Riverside, Calif. Min- 
eral nutrition. 

Wakabayashi, Steich, 19 Shoraiso Kotoyen, Muko Gun, Hyogo Ken, Japan. 

Wallace, Raymond H., Assoc. Prof. Botany, Univ. of Conn., Storrs, Conn. Physiology; 

light and radiation. 

Wallace, T(homas), Deputy Director and Chemist, Agri. and Hort. Res. Sta., Long Ash- 
ton, Bristol, England. 

Walrath, E(dgar) K(inney), Agronomist, Eastern States Farmers’ Exchange, Box 1482, 
Springfield, Mass. Fertilizer; nutrient deficiency diagnosis, and photography; nv 
trient deficiency symptoms, 

Wann, Frank B., Assoc. Prof. Botany, Utah Agri. College; Logan, Utah. Physiology of 
potato and tomato diseases; chlorosis. 

Waris, Harry, Botanical Inst., Univ. of Turku, Turku, Finland. Ion antagonism; nu- 
trition. 

Watson, Stanley A(rthur), Grad. Asst. in Botany Dept., 400 Natural History Bldg.. 
Univ. of Ill., Urbana, Ill. Vitamins; protein metabolism; respiration. 

Waugh, John G(eorge), Assoc. Physiologist, U. $. Regional Salinity Laboratory, River- 
side, Calif. Soil salinity studies; plant nutrition. 

Weatherwax, Paul, Prof. Dept. Botany, Indiana University, Bloomington, Ind. Growth 
and anatomical differentiation; photoperiodism. 

Weaver, J. E., Prof. Ecology, Univ. of Nebr., Lincoln, Nebr. Plant-soil relations. 

Weaver, Robert J., Grad. Student Botany, Univ. of Chicago, Chicago, Ill. Plant nutri- 
tion; water relations. 

Webster, James E(lias), Assoc. Prof. Agri. Chemistry Res., Oklahoma A. and M. Col- 

lege, Stillwater, Okla. Phytochemistry; research on corn, sorghum, soybeans. 

Weevers, Th., Univ. of Amsterdam, Amsterdam, Holland. General. 

Weinmann, Hans, Lecturer, Dept. of Botany, Univ. of Witwatersrand, Milner Park, Jo- 
hannesburg, S. Africa. Plant nutrition; absorption; translocation; storage. 

Weintraub, Robert L., Smithsonian Inst., Washington, D. C. 

Weishaupt, Clara G., Assoc. Prof. Biology, State Teachers College, Jacksonville, Ala. 

Welch, Walter B(urchard), Asst. Prof. Botany, South. Il]. State Normal University, Car- 
bondale, Ill. Water relations; phytoplanktology. 

Welton, F. A., Assoc. in Agronomy, Ohio Agri. Expt. Sta., Wooster, Ohio. Turf grasses. 

Went, F(rits) W(armalt), Prof. Plant Physiology, Calif. Inst. of Tech., Pasadena, Cal. 
Physiology of growth and tropisms; hormones. 

Wenger, Raymond, 1103 Foulkrod St., Philadelphia, Pa. 

Werner, H(arvey) O(scar), Prof. Hort., Univ. of Nebr., Lincoln, Nebr. Tuberization; 
heat and drouth endurance; cooking quality of potatoes, and potato, tomato and 
carrot breeding. 

West, Cyril, Ditton Lab., East Malling, Maidston, Kent, England. Seed germination; 
plant growth; physiology of senescence. 

Webster, Robert E., U. S. Hort. Sta., Beltsville, Md. 

White, David G., Grad. Asst. Hort., Ohio State Univ., Columbus, Ohio. Horticulture; 
water relations. 

White, Philip R., Assoc., Dept. of Animal and Plant Path., Rockefeller Inst. for Medical 

Res., Princeton, N. J. Plant tissue cultures; tissue physiology. 

White-Stevens, Robert H., Res. Instructor, L. I. Veg. Research Farm, Riverhead, N. Y. 

Plant nutrition and plant biochemistry. 


Whyte, R. O., Deputy Dir., Imp. Bur. Pastures and Forage Crops, Penglais, Aberystwyth, 
Wales. Physiology of growth. 
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Wick, Arne N., Res. Biochemist, Scripps Metabolic Clinic, La Jolla, Calif. Metabolism. 

Williams, Robert H(aworth), Instructor in Botany, Cornell University, Ithaca, N. Y. 
Physiology of the brown algae; teaching plant physiology. 

Williams, W. O., Assoc. in Expt. Sta., Div. of Viticulture, Univ. of Calif., Davis, Calif. 
Carbohydrate and nitrogen relations. 

Wilson, no ga K(irby, Prof. Agronomy, University Farm, St. Paul, Minn. Weed 
control. 

Wilson, J. D., Assoc. Pathologist, Ohio Agri. Expt. Sta.. Wooster, Ohio. Environmental 
factors and plant disease; influence of spray materials on transpiration; evapora- 
tion and soi! moisture. 

Winkler, Albert J(ulius), Prof. Viticulture, Univ. of Calif., Davis, Calif. Viticulture; 
carbohydrate nutrition; climatic influences. 

Withrow, Alice P(hillips), Research, Dept. of Hort., Purdue Univ., W. Lafayette, Ind. | 
Photoperiodism. 

Withrow, Robert B(ruce), Research Assoc. Hort., Purdue Univ., W. Lafayette, Ind. Pho- 
periodism; inorganic nutrition. 

Wittwer, Sylvan H., Grad. Res. Asst. in Hort., Univ. of Missouri, Columbia, Mo. Phy- 
siology of plant reproduction. 

Wolfe, H(erbert) S(now), Head Dept. of Hort., College of Agri., Univ. of Fla., Gaines- 
ville, Fla. Tropical horticulture. 

Wood, Marshall K., Asst. Range Examiner, Intermt. Forest and Range Expt. Sta., Og- 
den, Utah. Physiology of range vegetation. 

Worley, Clair L(ynnette), Asst. Prof. Botany, Univ. of Ga., Athens, Ga. Physiology of 
fungi; comparative physiology of trees. 

Wort, D(ennis) J(ames), Dept. of Botany, Nutana Collegiate Inst., Saskatoon, Sask. 
Phasic development; nutrition; X-ray. 

Wright, Kenneth E., Asst. Prof. Botany, R. I. State College, Kingston, R. 1. Physiology 
and ecology. 

Wynd, F. Lyle, Asst. Prof. Botany, Univ. of Ill., Urbana, Ill. Plant nutrition and res- 
piration. 

Yacknowitz, Samuel B(arnett), Walton High School, New York, N. Y. 

Yarwood, C(ecil) E(dmund), Asst. Prof. Plant Path., Univ. Calif., Berkeley, Calif. Phy- 
siology of obligate parasites; transpiration. 

Yocum, L(awson) Edwin, Assoc. Prof. Botany, George Washington Univ., Washington, 
D. C. Transpiration and water relations. 

Zimmerly, H. H., Director Virginia Truck Expt. Sta., Norfolk, Va. Mineral nutrition; 
effect of pH on plants. 

Zimpfer, Paul, Instructor, Capitol Univ., Columbus, Ohio. Water relations; osmotic 
pressure determinations. 

Zscheile, F(rederick) P(aul), Asst. Prof. Agri. Chemistry, Purdue Univ., Lafayette, Ind. 

Photosynthesis; plant pigments; spectroscopy of biological compounds. 


Alabama 
Auburn 
Sommer, Anna L. 


Jacksonville 
Weishaupt, Clara G. 


Arizona 
Tucson 

Brown, J. G. 
Davis, C. H. 
Finch, Alton H. 
McGinnies, W. G. 
McGeorge, W. T. 
Martin, William E. 
Pultz, L. M. 


Yuma 


Van Horn, Clifton, W. 


Arkansas 
Conway 
Spessard, E. A. 


Fayetteville 
Moore, Dwight M. 


California 
Altadena 
Cosper, Lloyd C. 
Berkeley 
Arnon, D. 1. 
Bean, Ross S. 
Bennett, James P. 
Broyer, T. C. 
Cooil, Bruce J. 
Cruess, W. V. 
Daniel, T. W. 
Davis, A. R. 
Frenkel, Albert W. 
Hassid, W. Z. 
Hoagland, D. R. 
Jacobson, Louis 
Joslyn, M. A. 
Lipman, Chas. B. 
Machlis, Leonard 
Mackie, W. H. 
MacKinney, Gordon 
Oserkowsky, Jacob 
Sampson, A. W. 
Smith, Malcolm E. 
Ulrich, Albert 
Yarwood, Cecil 
Carmel 
Lloyd, F. E. 
MacDougal, D. T. 
Davis 
Conrad, John P. 
Crafts, Alden S. 
Davis, L. D. 
Doneen, L. D. 
Hendrickson, A. H. 
Knott, J. E. 
MacGillivray, John 





Madson, B. A. 
Tufts, Warren P. 
Veihmeyer, Frank J. 
Wiliams, W. O. 
Winkler, Albert J. 


Fresno 
Pentzer, W. T. 
Twining, Frederic E. 


Indio 
Aldrich, W. W. 
Rygg, G. L. 


LaCanada 
Eversole, H. O. 


LaJolla 
Wick, Arne N. 


Los Angeles 
Appleman, David 
Atwater, Elizabeth R. 
Biale, J. B. 
Chandler, W. H. 
Curtis, Otis F., Jr. 
Davis, Ward B. 
Johnstone, G. R. 
Sponsler, O. L. 


Ontario 
Rohrbaugh, P. W. 
Palo Alto 
Peirce, Geo. J. 
Pasadena 
Bonner, James 
Casamajor, Robert 
Emerson, Robert 
Van Overbeek, J. 
Went, Fritz W. 
Pomona 
Furr, j. R. 
Harvey, E. M. 
Riverside 
Ayers, Alvin D. 
Bartholomew, E. T. 
Chapman, H. D. 
Fife, J. M. 
Fisher, Paul L. 
Gauch, Hugh G. 
Haas, A. R. C. 
Hayward, Herman E. 
Sinclair, Walton B. 
Turrell, Franklin M. 
Wadleigh, Cecil H. 
Waugh, John G. 
San Francisco 
Chandler, Ray C. 
Pratt, Robertson 


Santa Barbara 
Addicott, F. T. 
Clements, Frederic E. 
Long, Frances L. 
Martin, Emmet 
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Stanford University 
Hiesey, Wm. M. 
Smith, Jas. H. C. 
Spoehr, Herman A. 


Colorado 

Boulder 

Johnson, Edna L. 
Fort Collins 

Kezer, Alvin 

Paddick, Morris E. 
Hesperus 

Moinat, Arthur D. 


Pueblo 
Caird, Ralph W. 


Connecticut 

Hartford 

Darken, Marjorie 
New Britain 

Downie, Andrew A. 
New Haven 

Burkholder, Paul R. 

Deuber, Carl G. 

Jacobson, H. G. M. 

Pucher, Geo. W. 

Snow, A. G. 

Vickery, Hubert B. 


New London 
Avery, Geo. S., Jr. 
McKee, Mary C. 
Storrs 
Owens, J. S. 
Wallace, R. H. 
Windsor 
LeCompte, Stuart B., Jr. 


District of Columbia 
Auchter, E. C. 
Brown, James W. 
Garner, W. W. 
Greathouse, G. A. 
Halliday, Geo. E. 
Hock, Chas. W. 
Hurd-Karrer, Annie May 
Jaffe, L .S. 
Johnston, Earl S. 
Kramer, Amihud 
Lauritzen, J. I. 
McCall, M. A. 
McMurtrey, Jas. E. Jr. 
Magistad, O. C. 
Myers, Jack 

Raines, M. A. 
Roddis, Lewis H. 
Salmon, S. C. 
Shantz, H. L. 
Steinberg, Robt. A. 
Thone, Frank 
Weintraub, Robt. L. 
Yocum, L. Edwin 








Florida 

Bradenton 

Beckanback, J. R. 
Clewiston 

Bourne, B. A. 
Coral Gables 

Alexander, Taylor 
Davenport 

Floyd, Bayard F. 
Frostproof 


Keenan, Edward T. 


Gainesville 
Nash, Lee B. 
Stahl, Arthur L. 
Wolfe, H. S. 


Orlando 
Cooper, Wm C. 
Miller, Erston V. 
Sachs, Ward H. 


Georgia 
Athens 
Worley, Clair L. 


Atlanta 
Long, David D. 


Decatur 
Runyon, Ernest H. 


Macon 
Quillian, M. C. 


Idaho 
Boise 
Myers, R. Maurice 


Moscow 
Deters, Merrill E. 
Gail, Floyd W. 


Illinois 
Carbondale 
Bailey, W. M. 
Welch, W. B. 


Charleston 

Thut, Hiram F. 
Chicago 

Cohen, Barney B. 


Conner, Herbert W. 


Eaton, Scott V. 
French, Chas. S. 
Kraus, E. J. 
Lowenhaupt, Benj. 
Murphy, John B. 
Naylor, Aubrey W. 
Nelson, H. C. 
Olmsted, Chas. 
Shull, Chas. A. 
Siems, H. B. 
Skok, John 


Souton, Alphonse C. 


Stanfield, J. Fisher 
Teller, Geo. L. 
Weaver, Robt. J. 


Decatur 


Galligar, Gladys C. 
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Evanston 
Freeland, Ralph O. 
Tiffany, L. Hanford 


Jacksonville 
Stoldt, Elnore 


Lisle 
Jurica, Hilary S. 


Peoria 


MacMasters, Majel M. 


Urbana 
DeTurk, E. E. 
Dungan, Geo. H. 
Hottes, Chas. 
Lorenz, Ralph W. 
Noggle, G. Ray 
Watson, Stanley A. 
Wynd, F. Lyle 


Indiana 
Bloomington 
Weatherwax, Paul 


Lafayette 
Carr, R. H. 
Eastwood, Thos. M. 
Girton, Raymond E. 
Greene, Laurenz 
Hartman, John D. 
Hobbs, Clinton H. 
Hoffer, G. N. 
Kraybill, H. R. 


Mullison, Wendell R. 


Trost, John F. 
Withrow, Alice P. 
Withrow, Robt. B. 
Zscheile, F. P. 


Notre Dame 
Noecker, Norbert L. 


Upland 
Brown, V. Elhom 


lowa 
Ames 

Aikman, J. M. 
Bair, Roy A. 
Bakke, A. L. 
Clark, Norman A. 
Gilman, Jos. C. 
Johnson, I. J. 
Julander, Odell 
Loomis, W. E. 
McComb, A. L. 
Norman, A. G. 
Pierre, W. H. 
Sprague, G. F. 
Verduin, Jacob 


Indianola 
Doty H. S. 


lowa City 
Danielson, Loran L. 


Loehwing, Walter F. 


Marsh, Gordon 
Sioux City 


Hoxmeier, Mary Claire 






Kansas 
Garden City 
Bennett, Dewey 


Hays 
Barton, A. W. 
Lawrence 
Durell, W. D. 
Horr, W. H. 
Manhattan 


Frazier, J. C. 

Miller, Edwin C. 

Swingle, Chas. F. 
Richmond 

Staley, Kathryn 
Topeka 

Pratt, D. J. 


Kentucky 


Lexington 
Emmert, E. M. 
Fergus, Earnest N. 


Hageman, Richard H. 


Jeffrey, Robt. N. 

Spencer, J. T. 
Louisville 

Davies, P. A. 
Richmond 

LaFuze, H. H. 


Louisiana 

Bogalusa 

Potter, Geo. F. 
Natchitoches 

Fox, Lauretta E. 
New Orleans 

Pessin, Louis J. 
Shreveport 

Sitton, B. G. 
University 

Flint, Lewis H. 

Kimbrough, W. D. 

LeClerg, E. L. 

Moreland, C. F. 


Maine 
Orono 


Chandler, Frederick B. 


Raleigh, S. M. 
Steinbauer, G. P. 
Steinmetz, F. H. 


Maryland 
Baltimore 
Macht, David I. 
Skoog, Folke 


Beltsville 
Allison, Franklin E. 
Caldwell, Jos S. 
Cooley, J. S. 
Cullinan, F. P. 
Ezell, Boyce D. 
Heinze, Peter H. 
Jones, Henry A. 
Lumsden, D. Victor 





Magness, J. R. 
Parker, Marion W. 
Plitt, Thora M. 
Reid, Mary E. 
Roberts, John W. 
Steinbauer, C. E. 
Stuart, Neil W. 
Thompson, Ross C. 
Traub, Hamilton P. 
Wester, Robert E. 
Bethesda 
Burk, Dean 
Davis, E. F. 
College Park 
Appleman, C. O. 
Brown, Russell G. 
DuBuy, H. G. 
Mahoney, Chas. H. 
Schrader, Albert L. 
Shirk, Harold G. 
Stier, Howard L. 
Glenn Dale 
Hope, Claude 
Hyattsville 
Conrad, C. M. 
Kengsington 
Davis, Everett F. 
Riderwood 
Livingston, Burton E. 


Massachusetts 
Amherst 
Bergman, Herbert F. 
Clark, Orton L. 
DeRose, H. Robt. 
Eisenmenger, W. S. 
Jones, L. H. 
Peters, Chas. A. 
Cambridge 
Bailey, Irving W. 
Castle, Edward S. 
Grossenbacher, Karl A. 
Thimann, K. V. 
Northampton 
Day, Dorothy 
Ganong, Wm. F. 
Petersham 
Gast, P. R. 
South Hadley 
Eltinge, Ethel T. 
Springfield 
Walrath, E. K. 
Wellesley 
Pulling, H. E. 
Michigan 
Ann Arbor 
Gustafson, F. G. 
Janes, Byron E. 
East Lansing 
Ball, Chas. D., Jr. 
Barr, C. Guinn 
Beeskow, H. C. 
Dexter, Stephen T. 
Harrison, C. M. 
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Minnesota 

LeSueur 

Oltman, R. E. 
Minneapolis 

Burr, Geo. O. 

Clark, W. G. 

Miller, E. S. 

Moyer, Laurence S. 
Red Wing 

Anderson, A. P. 
St. Paul 

Brierly, Wilfred G. 

Nelson, R. C. 

Hamm, Philip C. 

Hart, Helen 

Harvey, R. B. 

Heggeness, Harold 

Landon, Raymond H. 

Levitt, Jacob 

Stor, Paul W. 

Wilson, H. K. 
Winona 

Thoennes, Gregory H. 

Mississippi 

Columbus 

Evans, Clytee 
Crystal Springs 

Campbell, John A. 
Meridian 

Hoffman, Geo. P. 


State College 
Leonard, Oliver A. 


Missouri 


Columbia 
Dawson, Ray F. 
Murneek, A. E. 
Wittwer, Sylvan H. 
Kansas City 
Saeger, Albert C. 
St. Louis 
Glatfelter, Edith E. 
Luyet, Basile J. 


Montana 


Bozeman 
Morris, H. E. 


Nebraska 
Lincoln 
Himmel, Walter J. 
Werner, H. O. 
Weaver, J. E. 


New Hampshire 

Durham 

Dunn, Stuart J. 

Latimer, L. P. 

Phillips, Thos. G. 
Hanover 

Lyon, Chas. J. 
Hillsbore 

Baldwin, Henry I. 


New Jersey 
New Brunswick 
Bear, Firman E. 
Clark, J. Harold 
Davidson, O. W. 
Gilbert, Seymour G. 
Marsh, Robt. P. 
Robbins, W. Rei 
Shive, John W. 
Small, John A. 
Sprague, Howard B. 
Millburn 
Hires, Clara S. 
Morristown 
Banfield, Walter M. 
Princeton 
Shull, Geo. A. 
Spencer, Ernest L. 
White, Philip R. 


New York 
Geneva 
Kertesz Z. I. 
Nebel, Bernard R. 
Tukey, Harold B. 


Ithaca 
Clark, D. G. 
Curtis, Otis F. 
Gerner, Gladys 
Hamner, Karl C. 
Heinicke, A. J. 
Kennedy, Sidney R. 
Mandels, Gabriel R. 
Massey, L. M. 
Muenscher, W. C. 
Plateninus, Hans 
Post, Kenneth 
Raleigh, Geo. J. 
Smith, Ora 
Somers, G. F. 
Thompson, H. C. 
Williams, Robt. H. 

New York City 
Burns, Geo. R. 
Carey, Cornelia 
Cheney, Ralph H. 
Clum, Harold H. 
Granick, Sam 
Kaiser, Samuel 
Kitchen, E M. 
Osterhout, W. J. V. 
Robbins, Wm. J. 
Trelease, Sam F. 
Yacknowitz, Samuel B. 


Poughkeepsie 
Roberts, Edith 


Riverhead 
White-Stevens, Robt. H. 


Rochester 
Goddard, D. R. 
Goodwin, R. H. 


Syracuse 
Lodder, Wm. B. 
Meier, Henry F. A. 
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Yonkers 
Miller, Laurence P. 


North Carolina 
Durham 
Addoms, Ruth M. 
Decker, John P. 
Korstian, C. F. 
Kramer, Paul J. 
McDermott, J. Jos. 


Raleigh 


Anderson, Donald B. 


Burkhart, Leland 

Macy, Paul 

Veerhoff, Otto 
Wilson 

Groner, Miriam G. 


North Dakota 
Fargo 
Helgeson, E. A. 


Oklahoma 
Norman 
Chance, H. L. 


Stillwater 

Ireland, J. C. 

Schultz, Orville C. 

Webster, J. E. 

Ohio 

Ashville 

Richey, Frederick D. 
Barberton 

Mader, E. O. 
Cincinnati 

Kersten, H. 

Sperti, Geo S. 
Cleveland 

Bacon, Franklin, J. 
Columbus 

Brown, Howard D. 

Burrell, R. C. 

Chadwick, L. C. 

Chapman, A. G. 

Childers, Norman F. 

Fossum, M. Truman 

Meyer, B. S. 

Sampson, Homer C. 

Scofield, H. T. 


Von Ohlen, Flovd W. 


White, David G. 

Zimpfer, Paul 
Coshocton 

Post, Francis A. 


Dayton 
Beck, Wm. A. 


Hudson 
Herrick, Ervin M. 


W ooster 
Caroll, J. C. 
Gourley, J. H. 
Howlett, F. S. 
Morris, V. H. 
Sayre, J. D. 


Thomas, Roy C. 
Welton, F. A. 
Wilson, J. D. 
Yellow Springs 
Inman, O. L. 


Oregon 


Corvallis 
Atwood, W. M. 
Lewis, Jas. C. 


Powers, W. L. 
Schuster, C. E. 
Pennsylvania 

Bryn Mawr 

Berry, L. J. 
Lancaster 

Street, Orman E. 
Lewisburg 

Eyster, Wm. H. 
Philadelphia 


Mitchell, H. L. 
Seifriz, Wm. 
Shirley, Hardy L. 
Skeen, John R. 
Wenger, Raymond 
Pittsburgh 
Darbaker, L. K. 
Jennings, O. E. 
State College 
Anthony, R. D. 
Bennett, Emmett 
Huffington, Jesse M. 
Mack, W. B. 
Popp, H. W. 
Sprague, Vance G. 
Sullivan, J. T. 
Thomas, Walter 


Upper Darby 
Jones, John P. 


Rhode Island 


Kingston 
Browning, Harold W. 


Butterfield, Norman W. 


Gilbert, Basil E. 
Schlenker, Frank S 
Smith, John B. 
Stuckey, Irene 
Wright, Kenneth E. 


South Carolina 


Clemson College 
Armstrong, Geo. M. 
Arndt, C. H. 
Cooper, H. P. 
Musser, A. M. 


South Dakota 
Vermillion 
Eyster, H. Clyde 
Tennessee 


Knoxville 
Meyer, Samuel L. 


Texas 


Austin 
Goldsmith, G. W. 
Lund, E. J. 
McAllister, Frederick 
Rosene, Hilda F. 
Beaumont 
Minarik, Chas. E. 
Brownwood 
Hutchins, Lee M. 
Smith, C. L. 


College Station 
Asbury, Samuel E. 
Beasley, Mrs. J. O. 
Dunlap, A. A. 
Eaton, Frank M. 
Talley, Paul J. 


Dallas 
Longnecker, Mayne 
Utah 
Logan 


Blood, H. Loran 
McAlister, Dean F. 
Reeve, Eldrow 
Smith, Grant N. 


Stark, A. 
Wann, F. B. 
Ogden 


Pearse, C. Kenneth 
Schopmeyer, Clifford S. 
Wood, Marshall K. 


Provo 
Harrison, Bertrand 
Shaw, Seth T. 


Salt Lake City 
Abersold, John N. 
Hill, Geo. R. 
Owen, F. V. 


Vermont 


Burlington 
Adams, Wm. R. 
Burns, Geo. P. 
Lutman, B. F. 
Marvin, Jas. W. 


Virginia 
Arlington 
Culpeper, C. W. 


Blacksburg 
Hill, H. H. 
Shear, G. M. 
Norfolk 
Carolus, Robt. L. 
Thornton, S. F. 


Zimmerley, H. Hy 

Rosslyn 
McKinney, H. H. 

Washington } 


Friday Harbor 
Phifer, Lyman D. 
















W enatchee 
Gerhardt, Fisk 
Harley, C. P. 
Lindner, Robt. C. 
Overley, Fred L. 
Pullman 

Biddulph, Orlin 

Harvey, Wm. A. 

Overholser, E. L. 

Vandecaveye, S. C. 
Puyallup 

Huber, Glenn A. 
Seattle 

Rigg, Geo. B. 

West Virginia 

Charleston 

King, Genevieve 
Morgantown 
Dustman, Robt. B. 
Leonian, Leon H. 
Strausbaugh, P. D. 


Wisconsin 
Madison 
Baldwin, Ira L. 
Duggar, B. M. 
Gerry, Eloise 























Pillow, Maxon 
Roberts, R. H. 
Tottingham, W. E. 


Wyoming 
Cheyenne 
Babb, Myron F. 
Benedict, H. M. 
Hildreth, A. C. 


Larramie 
Beath, Orville 
Northen, Henry T. 














Philippines 
Manila 
Bissinger, Geo. H. 








Puerto Rico 
Mayaguez 
Bailey, Walace K. 
Lee, Atherton 
Moore, Rufus, H. 


Territory of Hawaii 


Honolulu 
Akamine, Ernest K. 
Beaumont, J. H. 
Clark, Harold E. 
Clements, Harry F. 
Cooke, D. A. 
Engard, Charles J. 

i Hartt, Constance E. 

Jones, Winston W. 
Linford, M. B. 

Mehrlich, F. P. 

; Moir, W. W. G. 

Nightingale, G. T. 

Sideris, C. P. 





















Graber, Lawrence F. 
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Australia 

Brisbane 
Francis, Wm. D. 

Canberra City 
Dickson, B. T. 


Perth 

Teakle, L. J. H. 
Victoria 

Grieve, B. J. 

Belgium 

Liege 

Bouillenne-Wolrand, M. 
Louvain 

Martens, Pierre 
Bruxelles 


Homes, Marcel V. 


Belgian Congo 
Bambese 
Steyaert, Rene L. 


Brazil 


Rio de Janeiro 
Arens, Karl 


British West Indies 
Jamaica 

Meredith, Clifford H. 
Trinidad 

Mason, Thomas G. 

Canada 

Edmonton 

McCalla, A. G. 

Newton, R. 
Kingston 

Krotkov, G. 
MacDonald College 

DeLong, W. A. 
Montreal 

Gibbs, R. D. 

Sander, G. F. 

Scarth, G. W. 
Vineland Station 

Palmer E. F. 

Van Haarlem, J. R. 


Ottawa 
Davis, M. B. 
Marshall, J. B. 
Saskatoon 
Bibbey, Robt. O. 
Patterson, C. F. 
Wort, D. J. 
Summerland 
McLarty, H. R. 
Vancouver 
Harris, G. Howell 
Winnipeg 
Buller, A. H. R. 
Leach, Wm. 


Ceylon 
Talawakelle 
Tubbs, F. R. 





China 


Chengtu 
Chiao, C. Y. 


Cuba 


Habana 
Beauchamp, C. E. 


Czechoslovakia 


Praha 
Nemec, B. 


Denmark 
Copenhagen 
Jensen, P. Boyson 
Olsen Carsten 


Blangsted pr Odens 
. Esbjerg Niels 


England 

Aberystwyth 

Whyte, R. O. 
Bangor 

Thoday, D. 
Bristol 

Wallace T. 
Cambridge 

Blackman, F. F. 
Cardiff 

McLean, R. C. 
Exeter 

Caldwell, John 


Harpenden 
Brenchley, Winifred E. 
Richards, F. J. 
Russell, E. J. 

East Malling 
West, Cyril 

Liverpool 
Stirling, Jas. 

London 
Blackman, V. H. 
Steward, F. C. 

New Castle upon Tyn 
Thomas, Meirion 


Finland 


Helsingfors 
Collander, Runar 


Turku 
Waris, Harry 
France 


Clermont-Ferrand 
Maresquelle, Henri, J. 


Marseilles 
Cereghelli, R. 
Paris 
Combes, Raoul 
Maze, P. 











Germany 
Berlin 
Haberlandt, G. 
Heidelberg 
Jost, L. 
Rostock 


Von Guttenberg, Herman 


Graz 

Umrath, Karl 
Wien 

Holfer, Kar! 

Holland 

Amsterdam 

Stomps, Th. J. 

Weavers, Th. 
Bilthoven 

Bremekamp, C. E. 
Lisse 

Van Slogteren, E. 
Wageningen 

Lohnis, M. P. 

Reinders, E. 

Hungary 

Sopron 

Feher, D. 

india 

Benares 

Singh, B. N. 
Poona 


Desai, Manherial C. 


Madras 
Ekambaram, T. 
Inyengar, M. O. P. 


Ireland 
Belfast 
Small, Jas. 
Dublin 


Dixon, Henry H. 


Italy 
Venice 
Marcello, Allesandro 
Japan 


Tathoku 
Tokuoka, Matsuo 


Fukuoka 
Koketsu, Riichiro 
Hyogo Ken 
Wakabayashi, Steich 
Kyoto 
Hamada, Minorn 
Koriba, Kwan 
Takasu, Kenichi 


Java 


Buitenzorg 


Van den Honert, T. H. 


Mexico 
Mexico City 
Castaneda, Manuel 
Palestine 


Jerusalem 
Evenari, Michael 


Rehoboth 
Samisch, Rudolph 


Rumania 


Cluj 
Mihailescu, I. 


Tassy 
Popescu, Stefan 


South Africa 


Johannesburg 
Weinmann, Hans 
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Pretoria 
Mes, Margaretha 
Stellenbosch 
Malan, P. F. 
Pearse, H. L. 


Sweden 


Stockholm 
Aslander, Alfred 
Stalfelt, M. G. 


Upsala 
Burstrom, H. G. 
Switzerland 
Berne 
Schopfer, Wm. H. 
Fribourg 
Ursprung, Alfred 
Thailand 
Bangkok 
Boon-Long, T. S. B. 
U.S. S.R. 
Kiev 
Cholodny, N. G. 
Moskva 


Issatchenko, B. L. 

Krasnosselsky, T. A. 

Maximov, N. A. 

Prianischnikov, D. N. 

Smirnov, A. I. 

Vassiliev, I. M. 
Riga 

Tauja, Marija L. 
Tschlalow 

Smirnov, P. P. 
Vilnius 

Dagys, Jonas M. 
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